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HYDROSTATICS, 



CHAP. L 

ÎNTBODUCTION. 

• 

DIYISIok OF THE PHTStCAI. FORMS OF VATTXR. — THZ SOLII» AUTD 
LI<IVID 8TATK8. — COHXBIOV. — RSPOLSIOV.— HBAT.— ^UJUTSCT OF 
HYDR0STATIC8. 

21.) To investigate and explain the phenomena of nature, 
to exhibit with cleamess and perspicuity the laws wliich' 
prevall among ihem^ it is necessary to group the objecta and 
appearances which are under considération in classes distin- 
guished by definite Unes of séparation. This system ought, 
however, to be regarded as artificial, and adopted as an aid to 
the limited powers of the human mind, rather than as corre- 
sponding to the actual state of the natural world. Material 
substances, and the varions relations which are developed by 
their mutual agency, exist separately and individually ; science 
arranges them in classes, according to certain similitudes and 
analogies which are observed among them ; but this classifica- 
tion is often to a great extent arbitrary, and tHe individuals of 
one class are by imperceptible dcgrces shaded off into those 
of another^ like the langages, manners, and habits of adjacent 
countries between which no natural boundary is placed. It 
must be admitted that, under such circumstances, classification 
does a violence to nature ; but y et the aids which it affords to 
the investigation of hèr laws, and the impulse which it gives 
to the gênerai progress of discovery, are advantages which 
outweigh the objections which lie against it. 

The division of bodies, or rather of the physical states in 
which bodies are found, into solid and fluid, su^gests thèse 
reflections. Two opposite influences are observea to pervade 
1 
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the material world. The cohesive principle is one, in virtue 
of which the component porticles of ail bodies hâve a tendency 
to collect and consolidate themselves into hard and dense 
masses. This principle is opposed by one of a contrary nature, 
which generally seems to be connected, if not identical, with 
that of beat. By virtue of this latter, the elementary molécules 
of .the body which it pervades hâve a disposition to separate, 
fly asunder, or repel each other. In différent bodies thèse two 
opposing forces hâve différent relations, upon which the physical 
State of the body dépends. If the cobesive influence piedom- 
inate over the répulsive in any considérable degree, Ûie par- 
ticles of the body are held together in a solid concrète mass, 
not separable by any force less in amount than that by which 
the cohesive attraction which binds the particles togetl^er 
exceeds the répulsive force which tends to separate them. If, 
on the contrary, thèse two principles kave an opposite relation, 
and the répulsive force which gives the particles a disposition 
to fly asunder prevail over the cohesive force, then the ele- 
mentary parts of the body will separate indefînitely, and dilate 
and spread themselves throu^h any vacant space to which they 
hâve iree access. Such is the case with atmospheric air, and 
ail other bodies existing under the gaseous form. Between 
thèse two opposite states there are an infinité variety of others, 
corresponding to ail the possible relations which can subsist 
betwèen the cohesive and répulsive forces. Nevertheless there 
is but one intermediate state which is distinctly récognized in 
mechanical science, to explain which it will be necessary to 
take into considération another force, viz. the gravity of the 
component particles. A body is said to be solid wnen the 
cohesive force by which its particles are held together is not 
only sufiiciently powerful to neutralize the répulsive force which 
may tend to separate them, but also to resist Ûie tendency which 
they hâve to fall asunder, like the grains of a mass of sand, by 
their own weight. If this be the case, the body, placed upon a 
level plane, or enclosed in a vessel sufiiciently large to contain 
it, will maintain its figure ; nor will its projecting corners or 
protubérant angles drop off in obédience to their gravity, but 
will be held firm in their relative positions. If, however, the 
cohesive force, though suflicient to prevent the séparation of 
the constituent particles of a body by reason of the répulsive 
force which dépends on the présence of beat or any other cause, 
yet be unable to prevent their falling asunder by their own 
weight, then the mass of the body, if it were placed upon a 
plane, would be scattered over the surface by the unresisted 
tendency which the particles bave to fall' asunder by their 
gravity ; and if the body were placed in a vessel which by i'ts 
si des would restrain the particles, they would then fall into 
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TRANSMISSION OF PRESSURE. 



erery cavity of the vessel, and, ail the lower parts being filled, 
the upper part of the mass would setde itselfinto a level sur- 
ftce. Such is the case of water, and ail other bodies in the 
liquid form. There are, however, various states between this 
of decided liquidity, and that already described of decided 
Bolidity. The graduai transition of glue from the solid state to 
the soft and viscid; and finally to the perfect liquid, will eluci- 
date thèse observations. The division of mechanici^ science, 
on which we are now about to enter, is confined to the con- 
nderation of bodies in a perfectly liquid state ; and, as water 
has been assumed as the type of ail other liquids, this division 
of the science has been ealled htdrostatics.* 



CHAP. IL 



PRESSURE 01* LiaUIDB. 



PBESSURE TRÀN8MITTED E<ttTÀLLT IK ALL DIRECTIOHS.-HBXPERI- 
MENTAL PROOF OF THIS.'— A LIQUID IS A MACHINE. — HTDROSTATIC 
PARADOX. — BRAMAH'S HTDROSTATIC PRESS.— HTDROSTATIC BEL- 
LOWS. — YARIOUS USEFUL APPLICATIONS OF THIS PROPERTT. — 
MEANS OF TRANSMITTING SI6NALS. — ^DR. ARNOTT^S SUGGESTION OF 
ITS APPLICATION IN SUROICAL CASES.— ILLUSTRATIONS FROM THE 
ANIMAL ECONOMT.^ — CIRCULATION OF THE BLOOD. 

(2.) The most striking of those qualities of bodies which 
dépend on the fluid state, and that, indeed, by which this state 
is mainly distinguished from the solid, is the power to transmit 
pressure equally in every direction. In mathematical treatises, 
this propcrty is usually taken as the définition of fluidity, and 
as the basis of the reasoning by which the whole superstnicture 
of the science is raised. 

Fig. 1. 




* The ternis hyàroèanaimxcs and hffdrmdiea are used to express certain divisions 
of the science. It will be convenient, however, io the présent case, to embrace 
the vrhole under the title Hydrostatics. 
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To teader this property intelli^le, let us suppose a close 
vessel of any fomit anch as A B C D É, /^. 3., haviiur an aper- 
tnre at O in which a tube or cylinder, O T, is inserted. Let us 
coQceiye this vessel completely fiUed itith liquid to the lerel oS 
t&e mouth, O, of the aperture. Let us now 8^ppose a aolid pis*- 
ton or plug, P, inserted in the tube imd pressed dowmrardat 
until it cornes in contact with the liquid. If the piston tfauS 
circumstanced be urged upon the liquid with any g^iveii fereBy 
as that of one pound, an eqnal pressure will be transmittied. tsr 
every part of the surface of the vessel equal in magnitude tOf 
the base of tlie piston^ P. Thus, if the base of the pistou Imt 
equal to one square inch, then a pressure of one pound will. be 
exerted on every square inch of liie inner siuface of the vessel, 
and a force tendin? to burst the vessel will be produced, the 
total amount of which will be as many pounds as there are 
square inches in the inner surface of the vessel. If the whole 
inner surface of the vessel amouated to 10,000 square inches, 
then a pressure of one pound on the piston would produce a 
force tending to burst the vessel, the whole amount of which 
would be 9,^9 pounds. 

(3.) This property may be conceived to be experimentally 
established in the foUowing manner : 




Jjet A B C D be a close vessel (^. 2.), the top of which, A 
B, is horizontal. Let O, CV be two apertures of the magnitude 
of a square inch, and into thèse let two cylinders be screwed. 
Let water, or any other liquid, be now poured into the veésel, 
until its surface reach the apertures O, O, and every part of 
the vessel be filled. Let pistons be inserted in the cylinders, 
so as to move water tight in them, and let the piston P be load- 
ed so as to press upon the surface of the water with a force 
equal to one pound. If the piston P' press on the surface of the 
water with a force less than one pound, it will be observed im- 
mediately to rise, while the piston P descends. Thus it appears 
that the pressure transmitted by means of the water from the 
base of the piston P to the base of the piston P' is not less than 
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a pound. Now suppose the piston P' to press upon the surfiice 
of the water with a force greater tiian a pound, then the piston 
P' will descend in the cylinder, and the piston P will rifle. 
Thus it appears that the force of one pound acting at P trans- 
mits to P' a pressure which is unable to resist a force ereater 
than a pound. From thèse two expérimenta it appears uat tlie 
pressure transmitted to P' is neitîier mater nor less than a 
pound, and is therefore equal to a pound. 

This may further be verified by loading the piston P' so afl to 
exert upon the liquid a pressure amounting to one pound. It 
will then be observed that the pistons wul just balance one 
another. In gênerai it will be observed, that so long as the 
t#o pistons are equally loaded, whotever be the amount of the 
fbree acting on Uiem, they will balance each other, and neither 
will be displaeed ; but at the moment when any force is given 
to one greater than that whiçh aciâ upon the other, howeyer in- 
considerable the exceâs may be, l^at which is urged by the 
greater foix^e will descend, and wiU laransmit a force to the other 
which will compel ils ascent. 

It therefbtë appears that any Force whatever, which act9 
ûpon a dquare inch of the surface of the water at P, pressing it 
inwards, will produce an equal force' upon the square inch of 
surface forming the base e^ the piston I*', tending to force it 
outwarcfe. It is évident that this would be equally true if the 
surface which fomis lâie base of the piston P' T^^ere a part of the 
inïiér surface of the vessel, and that no aperture or cylinder 
existed at (y, It is aiso évident that the same results woùlcl 
be obtaiAed, in whatever part of the vessel the aperture O might 
be placed ; and therefore we infer that every separate square 
iiich of surface receives from the liquid in contact with it a 
{»reôsure èqual in amount to the prossure which is exerted on 
the water by the piston P. 

This important property may be forther elucldated as fol- 
\c(^s: — 

tVé hâve supposed that the two apertures and the pistons 
which fiH them were equal in magnitude. Let us now suppose 
thàt the aperture CX is ten times the niagnitude of the aperture 
O (fig. 3.). It folio ws, from what has been already explaSned, 
fliat * pressure of one pourid acting inwards at P wm produce a 
^essure of one pound acting outwards on every Square inch iit 
the base of the piston P' ; and therefore the piston P' will be 
ùrged upwards by a force amounting to ten pounds. . Accord- 
ingly, we shaU find that if tiliis piston be loaded with a wçî^t 
or ten pounds, it will resist the pressure of the liquid, and wSff 
not suffer itself to be forced upwards in the cylinder ;• but, oii 
thé other hand, this weight wiÙ not énablé it to force tie liquid 
îhwards, and it will merely maintain its.position. If it beloaiP- 

1* 
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ed wlth a, weight greater thao ten pounda, it trill foice the liquid 
inwarda, and wîU raiae the piston P ; and if it be loaded vitb a 
weigbt less thiui ten poundâ, the piston P will force it upwards. 
It ^ipearB, therefore, that the presaïue exerted on the ten 

sqoare inches of surface forming the base of the piston P' ia ten 
poundB, and neither more nor lesB. In the same manner, what^ 
ever be the proportion which the base of the greater piston P' 
bears to the base of the lesscr piston P, in exactly the same 
degree will the force transmitted bjr the liquid from P to P' be 
mmtipUed. 

There are some circumatancea which impair the accuracy 
with which the practical results of the expérimental iUusttations, 
conducted in the manner Juat deacribed, represent the concla- 
siona at which, by reasoning, we hâve arrived. That the pis- 
tons P, P' may moïe in the cyîindera so aa not to allow the 
liquid to escape between them and the inner aurface of the tube, 
it is neceasary that they should preas upon that surface with a 
certain force ; thia pressure will unavoidably be accompanied 
by friction; and, before the pressure excited ou one piston can 
produce a perceptible effect in moving the other, bu ezceas of 
force must be produced sufficient to overcome the friction of 
both pistons. Thus, in fg. 2., if the pistons be equally loaded, 
a small additional weight on either will not always cause the 
other to ascend ; it wÛl only do so when ita force exceeda the 
amount of the résistance occasioned by the âiction of the 
pistons. 

This incoDvenience may be removed by applying the preEstu« 
on the surface of the liquid at O and O by sotne means which 
will not be attended wlûi perceptible IHction. Such meana are 
easily found ; and although they may at the firat view appear to 
ConfiiTH the Iheory by a more indirect proceas, yet, when duly 
conaidered, it wUI be perceived that the method is not only di- 
rect, but more satisfaetory than the former. 

(4.) Let us suppose the pistons P, P' removed from the cyl- 
inden, and let cucnlar plates, so formed that.they shall exactly 
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cover the 9,pertures O, CK, tum upon rods which extend across 
the holes, sa that, being tumed upon thèse rods, they will in 
one position completely stop the apertures, theirflat faces being 
presented to the liquid, as in Jig, 4. ; while in another position 
they will leave the apertures open, having their edges tumed 
towards the liquid, as in Jig, 5. Thus, in the position repre- 
sented in Jig. 4., aJl communication between tlie liquid in the 
vessel and the extemal part of the cylinder is eut off, while in 
the position represented in Jig, 5. I^ere is a free communica- 
tion. 

Firsl^ let the two valves V, V, be closed, as in^. 4., and let 
one pound of oil be poured into the cylinder C. It is évident 
that the valve V will now sustain a pressure of one pound ; and 
if that valve were removed, as the oil would not mix with the 
water, but rest upon it, the water would sustain the same pres- 
sure. Let the valve V be tumed till it assumes the position 
represented in^. 5. : the weight of the oil will now press upon 
the surface of the water ; and, as there will be no sensible fric- 
tion between the oil, and the surface of the cylinder, an nndi- 
minished pressure of one pound will be transmitted to every 
square inch of the surface of the vessel, and, among others, to 
the surface of the valve V, which will be pressed upwards with 
a force of that amount. That the valve V is pressed by such a 
force may be made manifest as foUows : — ^Let a pound of oil be 
poured into the tube C : this will press upon the valve V' with 
a force of one pound ; and if the valve V' be tumed into tlie 
position represented in Jig, 5., the same pressure will act upon 
the surface of thfe water below. It will then be observed that 
this surface will maintain its position, neither forcing the oil 
up, nor being forced down by it. If less than a pound of oil 
hadbeen poured into the tube C, the pressure of the watèr be- 
low would prevail, and its surface would rise in the tube ; and 
it would only be restored to its former position by pouring in 
sp much more oil as would make the weight of the whole one 
pound. If stiU more were poured in, the pressure of the oU 
would prevail, and the surface of the water would sink in the 
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tube. Thus it appeors conclusively, that a pressure of one 
pound exerted at Y is transmitted undiminished to V ; and in 

Fig.ô. 





the same way is transmitted to every square inch on the surface 
of the vessel. 

(5.) By the same reasoning it may be shown, that if the cylinde^ 
O were greater than C, it woul4 require a proportionally great- 
er weight of oil to resist the ascent of the water, and we âiould 
arrive at the same conclusions a? we hâve obtained re^ecting 
the piston represented in^. 3. 

(6,) By this singular power of transmitting pressure, a fluid 
becomes, in the strictest sensé of the term, a machine^ and one 
of uneqnalled âmplicity and almost unlimited power: as such, 
it is amenable to ail the lawa, and iulfils ail the conditions, to 
which ordinary machines are subject The surprising effects 
which are conséquent on the property of liquids which we hâve 
just explained, exhibited under various forms, which we shall 
presenUy hâve occasion to notice more particularly, hâve ac- 
quired for it the nameg[>f the **hydro8tatic paradez." But, in 
truth, there is nothing in thèse effects more deservinç the title 
of paradox than those which attend every machine. In various 
parts of our treatise on Mechanics, and more especially in the 
twelflh chapter of that volume, it has been proved that there is 
nothing parâdoxical, or répugnant to the results of common ob- 
servation, in the effects produced by machinery. We shall now 
endeavor to show that the same principles are applicable, and 
the same explanations satisfactory, when a liquid is used as a 
machine ; that is, as a means of transmitting force from one 
point to another. 

A force of a pound .acting on the piston Pj^* 6., holds in 
e<]^uilibrium a force of ten pounds acting on the piston P'. In 
this case, however, it must not be supposed that the piston P 
supports the ten pounds which press down the piston P' : the 
bottom of the vessel sustains by its résistance mne of the ten 
pounds acting on the piston P', and the remaining pound alone 
18 resisted by the piston P. 

The circumstances attending the action of thèse forces differ 
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in nothing from those of a lever of the first kind, BUpportJng a 
weight 01 ten pounde on the shorter arm, balinccd bf a weight 
of one pound oa the longer arm. The liqoîd perfonpB the office 
of the bBT,by tranamitting the efiéct of the leaser weight to the 
greater; and the aurfaccB of tha Teasel which contajns the 
Uqnid perform Uie office of the fulcrum, bj sustaining both the 
power and weight" 

If the piston P be uaed to raise the piston P', inatead of 
merelj ^upporting it, what ha* been regnrded aa paradoxtcal 
in the procese may likewiae be eiplaineâ almost in the aanie 
worda which hâve been used in expltiininK aeveral machines in 
our treatÎM on Mechanica. If thepistonPbemade to descend 
om iuch, a quantitj of water which occupies one inch of the 
cylinder C 'nll be eipelled from it ; and as the vessel A B C D 
IH filled in every part, and its aides cannot yield, the piston P' 
must be forced up until room be obtained for the water which 
haa been eitpelled from C. But sa the cjlinder C is ten times 
larger than IJie cylinder C, the height through which the piston 
F maet be moved to obtain this room will be ten times legs 
than that through which the piston F was caused to descend. 
ThuB, while onepound on the piaton P wasmoved through one 
inch, a weight of ten pounda on the piston I" haa been moved 
through the tenth of an inch. By repeating thia process ten 
timea, we shaU move ten pounda on the piston P' through a 
height «f one inch, by ten distinct efforts, eachof which moves 
one pound through one inch. The force espended, and the 
effect produced, is therefore the same aa if the wpight of ten 
pounds, with which the piaton P' waa loaded, .were divided into 
ten equal porta, andtheae parts aeverally raiaed by ten distinct 
efforts through the height of an inch, The force, therefore, 
expended to produce a given effect is the same as if no ma- 
chine was uBed.t 

(7.) It ie not the leaat aurpriaing circumstance in the historjr 

• Mechaniol.feil.] iJbid.(S!K.) 
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of physical science, that this property of liquida, though long 
known, and, indeed, the subject of curions observation, should 
bave continued, until a coinparatively récent period, a barren 
fact The engine known by the name of the hydrostatic or 
HTDRAULic PRES S, and sometiuies, from the name bf the engi- 
^neer who gave it its present_form, and brought it into gênerai 
^use, bramah's fress, is notMng more than a simple and direct 
ptactical application of the property which we hâve just in- 
vestigated. 

A smaQ cylinder, C,^. 7., is funïisheà with a piston orplug, 
A, which moves, water tight, in it ; at the bottom of this cylin- 
der there is a valve, B, which opens upward» and communicates 
with a tube bejow, which descends into a vessel or réservoir of 
water. In the side of the cylinder C there is a narrow tube, 
Dy inserted in the cylinder, and communicating at E with an- 
other cylinder, C, of much greater dimensions. In this cylin- 
der there is a large piston, A', the rod of which is directed 
against whatever object the machine is intended to sustain or 
move. We shall at présent suppose it applied to an ordinaxy 
press : G H I K represents a strong iron fîiaine, and F a square 
plate movable in it and resting on the pistcm lod. As the pi»- 
ton rod is moved up, the plate F is forced up towards the top 
of the press H I, so that any substance placed between the 

flate F and the top H I is submitted to pressure. In the tube 
> E there is a valve, O, which opens towards the great cylinder 
O ; and in the same tube there is a stop-cock, P, by which a 
communication with the cistern below may be opened and 
closed at pleasure. 

The rod of the small piston A is connected at X with a lever, 
L M, which plays upon a fulcrum at M. The press is worked 
by raising and depressing altemately the lever at L, and the 
process is effected aa we shall now describe. 

Suppose the water, if there be any in the cylinder C, is dis- 
charged into the réservoir by the cock P, which is then closed ; 
the piston A' will then fall to the bottom of the cylinder. Let 
us also suppose that the piston A is at the bottom of the cylin- 
der C. If the lever L be now raised, the piston A will be ele^- 
vated, and the space below it in the cylinder, being iree from 
air, the atmospheric pressure* will force the water in the réser- 
voir up through the valve B so as to fill the cylinder C : this 
water cannot retiim thrôugh the valve B, since uiat valve opens 
upwards, and the weight of the water above it only keeps it 
more firmly closed. Let the lever L be now depressed : the 
watér below th6 piston A will be forced through the valve Q, 
and through the tube D E, into the great cylinder C'. Let this 

* Thii Qffect will be ezplained in Pneumatiçf . 
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procem be conlinued untiSfte space in the great cf linder below 
the piston U completely jjfc d with water : when that is ficcom- 
plisned, the pressure of ^Hnaton A «ill be tranBmitted U) the 
piston A', multiplied inJflRiroportioli of the maenîtude of the 
piston A' to that of thefOton A (3.). Thus, if Uie magnitude 
of the piston A' be s. thousand tunea that of A, a pressure of 
ten pounde on the piston A will produce a pressure of ten 
tboQBUtd ponnds on the piston A'. During Ûie opération of 
tbe machine, M the intervab of the aacent ot the piston A, ita 



action on piston A' is suspended; and if the tube of conununii 
cation D E vere open, the piston A' would press npon the valre 
B during every ascent of tbe piston A, and would resist the 
entrance of water into the small cylinder, and thns the opération 
of the machine would be obstnicted : but the valve O, opening 
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towftrds the great cylinder* C» prevents Uiis, and perfcMms^ in 
some degree, the office of a rotchet^wheeL* The watér Iwving 
once passed this valve cannot return ; aad while the piéton A 
is beiîig raised, this valve sustains the pressure transmitted by 
the great piston A'. Thus the great piston, being once raised 
tbrough any space, cannot recoC 

When k is reqtûred to relîMuse the «ûbstaUce whiofa is sab« s 
mitted to the fteti<Ni of the i^ess, it is oïdy necesssry to nfét 
the ficrew valve-^(^ P* Thë wbter will be forced by thie 
weight of the great piston A' through the tube £, and passing 
tbrough the tube of communication to which it is admitted by 
the open stop-cock P, it will be di£fcharged into the cistem from 
which it was originaOy laised by the pump A B. 

The mecha^ical emcacy of the. lever L M adds to the power 
of this machine. We hav^ seen that a force of ten pounds 
acting on the small pistcHi will produce a force of 10,000 pounds 
on the great one ; but if tàé greater arm LM of the lever be 
ten times the length of thé shorter arm M X then a force of 
one pound at L will ptodlRte a pressure of ten pounds at X,t 
and therefore, also, at the base of tfaê pislon. Under thèse 
circumstances, tiiereibre, ilt tppears, thNit a^i&oVing power of one 
pound will produce at ^ixe working point vn effect equal to 
10,000 pounds. With such a macMi^ the band of a ohild, ap- 
plied at L, would break a bar capable <^f su^taining raa^ tons. 

It is évident that the power of thii machiii^ d^ènds partly 
oh the proportion of the magnitudes <^ tfaë two pistons, and 
partly on the leverage of tàe ôrm L M. By Varyin^ thèse pro- 
portions in the constnsetkm of the ptess, it may be adapted to 
any required purpose, and mây recisiVe any degree of power. 
The arrangement 6Î the parts ix^y also be varied, but the 
principle of action is alwavs the same. 

The great advantage which this preSS poseesees over those 
which are worked by a screw is obvnms. Betwèeii solids and 
fluids there is little or no friction ; and, aecordingly, in the 
hydrostatic press no force is lost by friction, except what is 
necessary to ovetcôme the friction of the pistons in the cylin- 
ders. On the contrary, of ail machines, the screw is that whose 
action is most im^ded by friction, and in every screw-press 
the moving power is robbed of a large portion of its efficacy by 
this cause». 

(8.) The apparatus commonly called ihe'hydrostatic beUowa is 
another form under which the hydrostatic paradox is frequently 
presented. Two flat boards, B C and D E, Jig. 7., are united 
by leather or flexible cloth, A. A short tube communicates 
with the interior of the bellôws, and terminâtes in a stop-cock, 

* See Meehanics, (253.') t Ibid. (235.) 
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by wbich the li<iaid with which tlie bellowa are occinoiull]' 
mied majr be diêcharged. Prom tbis shint tube a long tabe T 
lises perpeDdicularlVi and tenniiiatea id a ftiimcl F. Tbe up- 

per board B C ia loaded with weights W, wbich press it againat 
the lower board D E ; the cloth which imitée tbem being col- 
lected in fiilda between tbein. If watet be now pouied iato the 
fijnnel F, ît will descend through the tube, and enter between 
the boarda. By continmng to Bupply water to the funnel, a 
column will be maiiitBJiiea in the tube, wbich by its weight 
will presB upon the water contained between tbe boards, and 
will Ûiereby Hnstain the weights W. As the snpply is contin- 
uedjtheaeweights willbegntduBlly raiBeHasikraslhe magni- 
tude of the le^er wbich unit«a the boBxds will penoit. 

Fig.7. 



I ^ _. ^ . hydroi 

while the upper board, loaded with the weignts, a 
effect on the gieater piston. If the section oTthe tube T bave 
the magnitude of one square inch, and the upper board B C 
hâve a surface of 1000 square inchea, then a column of water 
in T weighing one pound will suatein a weight on the boartl 
amounting to 1000 pounds. I^a ma; be explained in the same 
manner, and nearly in the aame wortû, aa were naei Tespecting 
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the action of the hvdroatatic pt«ss. If the fiuinel be remored, 
and six men stand on the board B C, one of them, blawing 
into tbe tube T witb bis mouth, ma; produce a sufficieot prea- 
tfore on the column of vater, ta raiee the board and ita loao. 
FSr. 8. (^0 If a. long nairoir tube A, fig. 8^ be insetted 



perpendicularly into a vesBel B, Sied with water, 
the weiffht of a fctr ounces of water ma; ' 
plied as t^ buiat the veasel, whatever be it 



This will be eaaûj understood upon the principles 
alreadf explained. Let us suppose that the magni- 
tude of the bore of the tube is the hundredth part 
' a square inch, and that it ascends perpendicular- 
1 that it B 



1^ 

^1^ Ij, to auch a beight above the vessel that it may 

V "s contain on ounce of water, that part of the water in 

^^^ the vessel vbich is inunedmtely under tbe mouth of 

B the tube will receive a pressure of one ounce firom 

the incumbent ccdumn. The magnitude of the mouth of the tube 

being tbe hundrodth of a square inch, it follova, from what bas 

been alreadj proved, that eveiy hundredth part of a square inch 

in the surface of the veseel viU sustaïu a pressure of one ounce, 

and therefbre ever; square inch will suatain a pressure of 100 

ouocBs. A square foot contsjns 144 square incbes, and there- 

fore erery aqnare font will eustain a pressure of 14,400 ounces, 
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or 900 ponnda. Hence, if thé base of the vesael meaaure nine 
Bquare feet, and its aides thirty-sûc iquare feet, «Jid its top nine 
squue feet, we ahall hâve a total auifaceof 54 square feet, each 
aqnare foot bearing' a preaaure of 90& pounds, and the whole 
surface auataining a preasure, tending- to bnist the vesael, 
amoantitig lo more than twenlv-one tona, and tbis eDonnous 
force is produçed by the uechanical modification which the 
weight of one ouoce of water undergoes. 

(10.) The propertj of liquida, which haa been under consid- 
ération, points them out &b an easy, simple, and effectuai means 
of tranamitting force to any distance, and under circmnatances 
in which other mechanical contrivances would be totaily iaap- 

glicahle. It ia only necessaryto cairy a tube fiUed with aliqoid 
'om the point wherc the force originatei, to the point to which 
tt iiS to be tranamitted ; and aa the shape or poaition of the Con- 
necting tube or pipe doea not affect the propertv of the fluid 
which it containa, there is scareely any conceivable impediment 
which can prevent the tranamiaaion of the force from the one 
point to the other. A pressure excited on the liquid at one end 
of the tube, will be communicated to any surface in contact 
with the liquid at the other end, whelher the tube between the 
two extremitieB be straight, curved, or angukr, or whether it 
paas upwarda, downwards, or in an oblique or horiiontal direc- 
tion. Itmay be carried throughthe wallaof a building, through 
the course of a river, under, over, or around any ohstructioi^ or 
impediment, or, in fact, according to any coune or direction 
whataoever. If a tube filled with water extended frorn London 
to York, a pressure eiicited on the liquid at the oxtremity in 
London, would be instantané ou aly tiansmitted to the eittraoïi^ 
at York, h bas bcên suggested, that such means might be 
uscd for télégraphie communications, in situations wbere the 
frequency or importance would justify the expense of laying 
down pipes or tubes. An ingénions person in thia country hae 
tried the experiment with this view, and has laid down aeveral 
miles of pipe for the purpose. Such a method of communica- 
tion would hâve the Eidventage of being independent of tbose 
accidentai' interruptions to which Ughta, signala, and other simi- 
lar contrivancea are expoaed, 

(11.) The power of liquids to transmit pressure hasbeen pro- 
posed to be applied to surgicsl purpoaes by Dr.- Amott It 
would indeed seem to be peculiarly applicable in cases wbere 
it is necessory to produce a pressure on some intentai part, 
which cannot be approached except by a tube or channel, 
through which an instrument cannot be safely or convenicntly 
inserted. Dr. Amott considéra that a liquid might be conveyed 
Ihiough a fiexible tube, so shaped, that when filled by the liquid, 
the proper degree of pressure will be excited on those parts 
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which require it An account of thèse instruments may be seen 
in Dr. Arnott*s work on Physics. 

(12.) The animal eeonomy présents innumerahle examples 
of the power of âuids in transmitting pressure. The bones and 
barder parts of the body fumish a beautiful example of a struc- 
ture, in which every leading principle of mechanics, commonly 
80 callod, is illustrated. The âuids, in like manner, exhibit 
equally apt illustrations pf the phnciples of hydrostatics. The 
heart, the fountain from which the blood is supplied to ail parts 
of the System, is an instrument possessing great power of ex- 
pansion and ct)ntraction : by expiting a pressure upon the blood, 
it impels that fluid into the arteries, pressing forward what bas 
already filled them through proper channels of communication 
into the yeins. Thèse Tarions pipes and conduits are formed 
qî an elastic material, capable of continuing the pressure com« 
menced at the heart, and thus urging forward the stream of li- 
quid, until its circulation is completed. . 

As in the pipe D Èjfg. 6., of the hydrostatic press, valves are 
provided in proper places in the valons tubes through which 
the circulation is carried on. Thèse valves are so contrived, 
that the blood is admitted to pass freely in obédience to the 
impulse it reçoives from the muscular pressure ; but when that 
pressure is intermitted, the âuid cannot retum, and the resist- ' 
ance of the closed valve supplies the place of the moving power 
whose action is suspended. 

ïhe muscular power of the heart to excite a pressure on the 
blood is placed in. a very strikin^ point of view, hj an experi- 
ment recorded in a work by Dr. Haies, called Statical Ëssays. 
A perpendicular tube is made to communicate with the blood 
of one of the arteries of an animal. The blood bein^ no longer 
confined, rushes into the tube, and ascends to a height abové 
the lever of the heart, which is proportionate to the pressure 
which it receives. This height necessarily varies in dilSerent 
animais ; in the larger and more powerfui species, it is much 
greater than in the smaller ones. In the case of a horse, the 
column will ascend to about ten feet above the heart. The 
pressure to which it i? subject in the veins is much less thah in 
the arteries. Dr. Haies found that, in the human body, the 

{»ressure of the arterial blood was capable of sustaining a co- 
umn ei^ht feet in height, and amounted to four pounds on the 
square mch; while the pressure of the venons blood did not 
exceed a quarter of a pound on the inch, and only sustaincd a 
column six inches in height 
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(13.) lit the inveetigKtion conUined in the lut cbftpter, the 
effitcU of the weight of Uie liquid itself were lett ont of Coii~ 
Bideration, and il wu merely reguded u » maeliiM by whioh 
other forces might ba trenamitted and modified. In the sams 
manuer, however, and apoa the same principlea, as it tnuuniita 
and modifies other forces, it convejî the efiect of ita own 
veight tiirough the dimensions which tt occapies in the veasel 
wfaich cootains it. Thia weight eieita a cortain preagure on 
everj part of the surface itf the contalning vesael with whicbit 
ia in contact The total ainoiint of this preaeiire,aji well as the 
portioa of it wbich each part of the suiface soataina, ia to be 
mfbired from s considération of the weight of the liquid, ita 
power of transmitting preasure, and t^ peculiar figure or ahape 
of the veiael. It may, however, het«. be obserred, genei^y, 
tbat the cfiect is totally diâbrent from that whieh wonld be 
produced bj a aolid. 

(14.) There is one g-eneml principle .by «hich the presaure 
of a liqnid on the surface of the vessel which coutaina it may 
alwajrs be aacenaioed. Each port of the surftce of the veaael, 
in contact with the liquid, sustains a pressure equal ta the 
weight of a colunin of Ûie liquid, wbose height is équivalent to 
the depth of the part of the surface of the vessel in question 
below the suT&cB of the liquid contained in the veasel. The 
truth of thÎB gênerai principe will be apparent, by conaiderinr 
it, fint, in the more simfide and obvious caaea, and tracing it 
thence to the more coraplex and difficult ones. 



therefore, is a aquore, each of whose aidea iaaaincli. Suppose 
thîa base to be closed by a flat bottom, and let watar be poured 
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Flg. 9. mto tfae pipe until it attain lui élévation WC one inch 

ahove the bottom of the pipe. The liquid will uow 

A be io contact witb a aquare inch of surface on each 

of the four aides, besidet the square inch of surface 

which fonns the bottom. Let a flat plate, eut into 

the shape of a square inch so as to fit the tube, be 

noff conceived to be iatioduced into it, and placed 

immediately on the surface of the vater, and in cod- 

g tact with it. If on; weight, as 10 pounds, be placed 

upon this plate, the liquid below will transmit a pres- 

, sure of ten poimds to ever^ square inch of the pipe 

B with ffhich the iratei is m contact, and therefore 

the bottom, and each of the four sidea, will sevenl- 

* ly suBtaJn a pressure of ten pounds,* This is obvi- 

oua &om what bas been so fùlly explained in the 

luteh^iteT. 

If the plate and the weight with which it is suppoaed to be 
pressed be removed, and ten pounds of water be poured into 
the pipe, the water below the levé! WU will suffer exactiy the 
«une mecbanical pressure aa was befbre exerted by the plate 
loaded with the weight, and this firessoie will be transmitted 
in the same way to the auriâce of the tube, by the water below 
WC, it thus appears that a perpendicular column of water, 
weighing ttin pounds, standing ahove the level B'C, wiU presa, 
not only on the bottom of the veasel, but on the aides immedi- 
ately below 'B'C, with a force amounting to ten pounds. 

What has been pnived of the column of fluid, above the lerel 
B'C, will be equally true of sot other part of the column of 
âuid contained in the tube. Thus the column of fluid above 
tho level B"C", will communicate a pressure to every square 
inch of the surface of the veasel below that level, amounting 
to ita own weighL 

To render the explanation more clear and simple, the aeclion 
of the pipe has been hère aupposed to be square, and its magni- 
tude to be one iuch ; but a little attention and considération 
will show, that the same reasoning, with slight changes, will 
be applicable, whatever be the magnitude of the veasel, and 
whatcver be the shape of ita base. If any part of the column 
is suppoaed to be removed, and a flat plate fitting the vesael, 
and loaded with a weight equal tothat of the water removed, be 
introduced, the force of thjs weight will be transmitted by Ihe 
water below, with undiminiahed energy, to every part of the 
surface of the vesseJ with which it is in contact. Bach portion 
of the surface of the vessel, which ia equfiJ in magnitude to the 
Burface of the plate, will sustain a preaaure equal to the force 

* Hey «EU HflTerïlIj lUiUin ■ pmsule of len p4und< in iddLtton lo tb« p»»- 
■are naDllin^r ftam tho mkfhloriba tfuid ilHif.— Ah. Ed. 
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with which the plate presses on the wa%er. When the plate is 
removed, and replaced by an équivalent weight of water, the 
same effect will be continued. 

(15.) It therefore appears generaJly, that in every vessel 
whose sides are perpendicular, and whose bottom is borizontaJ, 
wbatever be its shape in other respects, the pressure on the 
bott(»n will be equal to the whole weight of the fluid which it 
contains, while the pressure on each square inch of the perpen^ 
dicular sides will be equal to the weight of a colunm of the 
liquid, whose base is a square inch, and whose height^is equal 
to the depth of the part of the surfiice of the vessel in question 
below the upper surface of the liquid in the vessel. 

,(16,) It appears from what bas been stated, that not only the 
surface of the vessel which contains a liquid, but likewise every 
part of the liquid itself, sustains fi, pressure irom the weight of 
the liquid above it, and this pressure is reffulated by the samo 
law. If any portion of the liquid be seîected at any given 
depth below the surface, that portion is pressed equally in every 
possible direction by the surrounding fluid, and the amount of 
the pressure which it thus sustains is the weight of the column 
of fluid perpendicularly above it. This may be easily deduced 
from considering the property of liquids explainedxin the last 
chapter. It is évident that a part of the fluid, taken ajiy where 
within its dimensions, sustains a downward pressure from the 
weight of the incumbent column ; but it transmits this pressure, 
by aie property just alluded to, in everv direction around it; 
downwards^laterally, obliquely, &.c. Now it is clear that it 
must encounter an equal pressure Tjik ail thèse directions ; for 
if it did not, it would move away in that direction in which its 
force was unresisted ; but as no such motion takes place, and 
as the particles of the fluid remain at rest, it foUows that they 
are maintained in thèse places, by forces pressing them equallv 
Pig 10. on every side and from every possible direction, each 
of which is equal to the weight of the perpendicular 
column of fluid above the particle so pressed. 

(17.) This property may easily be reduced to expéri- 
mental proof. Let A B,^. 10., be a strong métal cyl- 
inder, having a métal bottom at B, but open at A : in this 
let a spiral spring be inserted, bearing a circular plate 
C, which moves water-tight within the cylinder, so that 
a force applied to the plate C will overcome the elas- 
ticity of the spring, and cause the plate to move into the 
cylinder towards B. The farther the plate advances 
within the cylinder, the more poweriul the elastic force 
of the spring will become, and the greater will be the 
force necessary to prevent its recoil. The amount of 
B force necessary to press the plate to any proposed depth 
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in the eylindet, may be determined bj experiment ; ud it is not 
difficnlt M provide a meana of re^tering tbe depth within the 
cylinder, to which the plate may liave been ibrced on any oc- 
casioD, when the preHence of on obserTST is rendered impouî- 
bic. If such an iiutrament be plunged in a liquid tô «ny 
depth, the pressure exerted by the flnid vill force in tbe 
movable plate ; and, npon observing the itatmideiit when 
drawn out, the amonnt of the pressure will be knovn irom 
the spsce through which the plate was foiced into the cyl- 
inder. If the insttitment be succeseively irotneraed ta deptha 



numbers 1,3, 3, aad are eqaal ta the wei^hta of colunms of the 
Uquid whose heights are respectively eqnal to the deptha of 
ilniDeraioii, and whoae baies are aqual to the movable plate. 
The fact that the pressure ia proportional to the deptli, and 
eqaal to the weight of the incumbent colunln, is thus conclu- 
Bively eatabliflhefl, 

That this presBirre ia exerted eqnallj in every poirâble direc- 
tion, may be ahown by giving the instrument, at Ûie Mme depth 
mccessively, différent positions. If it be first inunersed with 
the end A presented npWBrdB, and tbe distance observed through 
whieh the plate ia forced in, and then euccessively iinmersed 
to the same depth witb the end A preaented downwards, eide- 
ways, soi in any other direction, it will always be obaerved 
that the distance through Which the plate is forced by tbe proB- 
sure of the liquid will be the same ; indiceting thereby, that the 
pressures in ail those directions are equal. 

(18.) Thit important law may be establiahed eiperimentally 
by a- more eaey and scarcely less direct metbod. Let four 
glass tubes, T,fg. 1 1,, be provided, open at both ends, and let 



ene end of tbe first be straight ; of tbe aecond, tomed upwards ; 
of the third, turued sideways ; and of the fonith, tumed in an 
oblique direction- At thèse ends let stop-cocka be placed, 
«hich may be opened «nd closed at pleasure. Thèse cocks 
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being closed, let ail the tubes be immened to the same depth 
in a ves«el of water. The water will then press afrainst each 
of the cockB with a certain force, the amount of Which it is re- 
qnired to ascertain. We shaU suppose the boree of the tubes 
to be eqoal, although that circomstance, as will hereafter ap- 
pear, cannot affect the result of the experiment* Ijet us 
suppose the diameter of the bores of . each of the tubes to be 
halfaninch. 

The water, at the depth to which Uie tubes are immersed, is 
in this case acting against a circular surface, of the diameter 
of half an inch at each stop-cock. If the several stop-docks be 
' now opened, the pressure will cause the water to rush into the 
tubes, in the flrst upwards, in the second downwards, in the 
third sideways, and in the fourth obliquely. It will continue 
to âow. into each until the weight of the colnmn, which has 
risen in the tube, is snfficiently gveat to resut the pressure at 
its extremity. When that takes place, and not until then, the 
water will cease to flow into the tube. It will be obsenred, 
that in each tobe the water will rise uatil it has attained the 
level of the water in the yessel, and it wiil then cease to flow. 
It foUows, therefore, that the pressure of the fluid at the ex- 
treniity of the tubes is equal to the weight of a.eoluinn of the 
âttid, which extends perpendiculaily fhmi their eztremities to 
the surface ; and since the water will always rise to the level 
of the ftnid in the vessel, whaterer direction may be given to 
the lower extremity by bending liie tube near that point, it fol- 
lows, that at the same depth the pressure in every possible 
direction is tiïe same. 

In this mode of illustration it will easily be perceived, that 
the column of water which issustained in the tube performs the 
part of the stop-cock, with respect to the water which presses 
in'at the orifice below, and that the weight of this column ex- 
actiy balances this pressure. 

There will be no difficulty in seeinff how this experiment 
may be generalized. The tubes may De of any magnitudes, 
whether equal or unequal, and still the water wiÛ rise in them 
to thé level of fhe water in the. vessel ; and the same wiU hap- 
pen whatever be the liquid used. The pressure exorted at any 
depth below the surface is' always equal to the weight of a 
column of the liquid whose heig^ is equal to the depth, and 
whose base is equal to the surfoce, over which the pressure is 

* When the boxec of the tube» are uneqaal, and loino of them Tery snuUl, c»- 
pillary aetion will •ennblr affect the reauft, in a manner dépendu^ upoa the na- 
ture of the fluid. The élévation or dépression of the fluid in the smaller tube, 
dépends upon the relation whieh subsiste betwéen the action <tf Uie tubj» on the 
flud, and the mutnal action of the particles of the fluid. By a c<Hnplete anaJysis 
of ail the forces concerned, it may Se shown in what manner their opposite eflwcts 
may be produced.— An. Ed. 
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eztended. The quantity of liquid who9e weight expresses this 
pressure, may always be determined arithmetically, by mulu- 
plyinff the number of inches in depth below the surface of tbe^ 
iiqui^ by the number of square inches in the surface on which* 
tiie pressure^is exerted. The product of thèse numbers will 
be the number of solid inches of the liquid, whose weieht is 
eqtal to the pressure. It must, however, be understooo, that 
in this mode of calculation, the surface pressed is supposed to 
be horizontal, or if it be oblique;- its dimensions must be very 
small, compared with the depth. 

The following experiment fumishes another illustration of 
the property by which the pressure of a liquid increases with 
the depth : — ^Let a bladder be attached to the extremity of a 
glass tube, and let it be filled with mercury to a small height 
above tiie point where it is attached. Let equal small divisions 
be marked upon the tube, beginning from the surface ^f the 
mercury. If the bladder thus filled be immersed in avessel of 
water, the pressure of the suirounding liquid will cause the 
mercury to ascend in the tube. Let it be immened to such a 
depth that the mercury will rise through one division of the 
tube, and let the depth of immersion be observed ; let the tube 
be then immersed to twice that depth, and the mercury will be 
observed to rise through another division. Bein^ immersed to 
three times the depth, it will rise to a third division, and so on. 
It therefbre appears that the pressure upon the bladder increases 
in proportion to the depth. 

(19.) Concluding, then, that every part of a liquid sufifers and 
transmits a pressure, arising from the weight of the incumbent 
Hquid; that this pressure is always proportional'to the depth, 
and is equally exerted in every direction ; we may easily obtain 
thcorems respecting the pressure sustained by aie surface of 
vessels which coiitain liquids, of a much more gênerai nature 
than those which hâve led to the preceding investigation. 

Whatover be the shape of the vessel which contains a liquid, 
each square inch of its surface sùffers a pressure cqual to the 
weight of a column of the liquid, whose base is a square inch, 
and whose height is the depth of that part of the surface of the 
vessel below the surface of the liquid. This foUows immedl- 
atel^ from the principle which has just been established ; for the 
liqmd which is in immédiate contact with any part of the sur- 
face of the vessel, sustains a pressure in a direction perpendic- 
ular to that surface, to the amount just mentioned ; and it is 
évident that the surface must balance and resist that pressure. 

By the aid of the peculiar language and symbols of maihe- 
matical science, gênerai rules or formularies may be ^iven, by 
which the whole pressure of a liquid on the surface of a vessel 
of any proposed figure may be computed. Although great 
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practical facilita, not only in calculation, but also in reasoning, 
may be derived firom the use of such formuliB, yetthey must be 
underatood to express nothing more than what bas been already 
explained. The method by which tbey express it is, however, 
attended with gpreat convenience, and afïbrds considérable ad- 
vantages in the application of the gênerai principle to particular 
cases. 

(20.) An obvious conséquence of the property now explained 
'fSy that the pressure produced upon the surfaces of the vessel 
containing a liquid, can never in any case be less than th^ 
weight of the liquid, but will not unfrequently amount to many 
times that weight, Since the gênerai methods of determining 
the pressure onsurfaces do not admit of fàmiliar explanation, 
we shall endeavor to.explain the principle by its application to 
such particular cases as can be rendered intelligible without 
mathematical symbols. 

(21.) If tlie surface which sustains the pressure be horizontal^ 
every part of it, being at the «ame depth, will suffer the same 
pressure. In this case, therefore, it is évident that the total 
pressure which the surface sustains is the weight of ail the 
liquid which i» perpendicular ly over it, or, what is the same, the 
weight of a column of the liquid, whose base is equal to the 
sur»ce, and.whoise height is equal to Ihe depth. 

(22.) If the surface which siifiers the pressure be not hori- 
zontal, its severàl parts will be at différent depths, and, there- 
fore^ will suffer différent pressures. If a point could be found 
whose depth is an average of ail the différent depths, then the 
total pressure would be the same as if the whole surface were 
uniformly subject to the pressure sustained by this point, and 
tlie total ampunt.of the pressure would be eqiial to the weight 
of a column of the liquid, whose base is equal to the surface 
pressed, and whose height is equal to the depth of that point. 
This wiU, perhaps, be more clearly comprehended by particular 
examples. 

F!g. 12. 




Let A B C D, fig. 12., be a vessel with a ffat square bottom 
and perpendicular sides ; and suppose it filled with water ; and 
let the side A B be supposed to be divided into ten equal parts, 
marked by the numbers 1, 2, 3, 4, to 10 : th^^pressure at the 
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point l we ahall suppose to be one pound. The point 2, being 
B§ twice that depth, wiU sustain a pressure of two pounds. The 
point 3 will sustain a pressure gf tbree pounds, and so on, tbe 
towest point sustaining a pressure of ten pounds. Since, there- 
fore, the intei^ity of the pressure fîrom A to B increases uni- 
formfy, the point which sùstains the average pressure will be 
found at the middle of the depth A B. This point is that which 
is marked 5. If we suppose the whole surface A B to sustain 
the same {pressure as that which the point 5 suffers, the total 
pressure will be the same as at présent A very slight consid- 
ération of the effects will make this évident. At présent the 
point 6. sùstains a pressure of six pounds, and the point 4 sus- 
taipa a pressure of four pounds, nuiking> total of ten pounds. 
If thèse two points each sustained a pressure of five pounds, 
which is the average pressure, the total pressure would still be 
the same, ten pounds. In liko manner, the point 7 at présent 
sùstains a pressure of seven pounds, and the point 3 a pressure 
of three pounds, 'which^together mike ten pounds. If each of 
thèse points sustained a pressure of five pounds, the sum would 
be the same. It is évident that the same reasoning will apply 
to ail points equally distant above and below the middle point 
5. The pressure^n each point below it exceeds t^e pressure 
at 5 by exactly as much as the pressure on a point equally dis- 
tant above it îbUs short of Uie pressure at 5. Thus Uie excess 
and defect mutually compensate each other, and a gênerai 
average is obtained. 

From what has been now sta.ted, it appeais that the total 
pressure on the pcrpendicular side of a vessel filled with a 
liqiiid, is the same as if that side were converted into a horizon- 
tal bottom, and half the depth of liquid rested on it. 

It also appears that the pressure on the perpendicular side is 
entirely independent of thé quantity of liquid which the vessel 
contains. The perpendicular sides of a trough, when filled i 
with a liquid, will suslain the same pressure whether the trough 
be wide or narrow. If the sides be separated by an interval of 
only a quarter of an inch, and the trough contains only a quart 
of water, the pressure on the sides will be the same as if tbe 
sides were separated many yards, and the trough contained 
several barrels of water. 
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(23.) If the sides of the vessel be perpendicular, and the bot- 
tom be horizontal and flat, the pressure on the sides may be 
estimated in the same manner as above, whatever be the shape 
of the bottom. The point of average pressure is, in this case, 
always at half the entire depth below the surface of the liquid ; 
and the total pressure is the same as if this average pressure 
were uniformly diffused over the entire surface of the sides in 
contact with the liquid. Thus, if the yessel be cylindricaj, and 
the circumference of its base be ten feet,the depth of the fluid 
in the vessel being eight feet, the total surface of the sides in 
contact with the fluid is eighty square feet The médium 
pressure is that which is sustained by a point at the depth of 
four feet, and, therefbre, is equal to the weight of foUr feet of the 
liquid. Of the eighty square feet, forty are subject to a less , 
pressure than this médium, and the other ferty are subject 
to a greater pressure : thèse two eâects compensating each 
other, the total pressure is the same as if the^edium pressure 
were difRised over the whole eighty feet. The whole latéral 
pressure is, therefore, the same as would be produced upon the 
bottom of a vessel of eighty square feet in magnitude, with per- 
pendicular sides, and containing the liquid to the depth of four 
feet, This pressure would, in fact, be the whole weight of the 
fluid in the vessel, the quantity of which would be found in 
solid feet by multiplying the bottom by the depth; that is, 
eighty by four ; that is, 3^ solid feet. 

(24.) The rule deduced &om this example, for calculating the 
latéral pressure, is generally applicable to idl cases where the 
vessel containing the liquid has a flat horizontal bottom and 
perpendicular sides. Find the number of square feet in the 
sides below the surface of the liquid contained in the vessel ; 
multiply that by the number of feet in half the depth of the 
liquid : the product viU express the number of solid feet of the 
liquid, the weight of which is equal to the latéral pressure. 
The number of square feet in the sides may always be found, 
by multiplying the number of feet in the circumference of the 
bottom by the number of feet in the depth of the liquid. 

From this rule some curious conséquences follow. The pres- 
sure against the sides produced by the liquid may exceed in 
any proportion, however great, the whole weight of the fluid 
which ca-uses this pressure, If the latéral suiface in contact 
with the fluid be double the magnitude of the bottom of the 
vessei, then the latéral pressure will be equal to the pressure 
on the bottom, and, therefore, equal to the whole weight of the 
fluid ; for, in this case, the 1 Esterai pressure will be equal to the 
weight of the fluid which would fill a vessel with perpendiculu- 
sides, having a bottom of double the size, but filled only to half 
the depth. The quantity pf Uquicl whosa wejght expresses the 

3 
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piressure would, therefore^be tîie same. But if the latéral sur- 
face, in contact with it, be more than twice the magnitude of 
the bottom, then the total pressure on the sides wSl be more 
than the whole ireight of the liquid contained in the vessel, in 
the proportion of the latéral surface in contact with the liquid 
ito twice the magnitude of the bottom of the vessel. Thus, if 
the latéral surface in contact with the liquid be ten times as 
i^at as twice the bottom of the vessel, t£en the latéral prcs- 
bure will be ten times the weight of the liquid contained in the 
vessel ; and so on for other proportions. 

Hence it appearâ, that in tall narrow vessels the latéral pres- 
sure very far exceedà the downward pressure which is equal to 
the weight Tall casks or cisterns, and tubes which are carried 
in u vertical direction, require, therefore, to hâve a latéral 
strengtii very far exceeding that which- would be necessary 
merely to support the liquid which they contained. 

(25«) The increase of pressure proportionably with the depth, 
snggests the expediency of observing a corresponding variation 
in &e strength of the lèverai parts of embankments, dams, 
âood-gates, and other résistances opposed to the course of 
water. The pressure near the surface is inconsiderable, and, 
therefore, a small degree of strength is sufficient in the resist- 
ing snrfkce ; but, as me depth increases, the presstire increases 
in Uie same ratio. If, therefore, as in the casé of dams and em- 
bankments, the strength dépends upon the thickness, the latter 
must increase from the top to the bottom \ so that, while the 
interior surface presented to the liquid is perpendicular, the ex- 
terior surface must gradually slope, giving increased thickness 
to the dam towards the bottom, so that the section shall hâve 
-sUch a form as that représentée in^. 13. 

Fig. 13. ^ 




(26.) If the side of the vessel be straight, but not perpendicu- 
lar, the pressure upon it will be determined by the same prin- 
\;iple8,. and nearly in the same manner. The pressure will still 
be proportional to the depth, and the pomt of médium pressure 
will be a point on the side, at half the efftire depth of the fluid. 
If, as beforc, tho side be divided into ten equal parts, the same 
reasoning will be applicable ; for, although the depths of the 
several points of division are no longer measured along tho* 
side of the vessel, yet they are proportioned to the distances of 
the several points of division from that point on the side of the 
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vessel wkieh marks the eurfkce of the liquid. Heseé, in this 
<sa8e, as well as in the ibrmer, the medimn pressure is that 
which. affects the middle part of the depth maiked 5. in^. 14. ; 




«nd the whole latéral pressure will be ebtained by multiplying 
the number of square feet on the sides of the vessel 07 the 
number of feet in half the depth of the Hquid : the product will 
express the number of solid feet of the liqùîd whose weight is 
equal to the total pressure.* 

In this manner, the pressure on inclined embankments, or the 
«loping sides of vessels containing lîquids, may be ascertained. 

In Jig, 14. the sides of the vessel containing the liquid are 
represented as slopiûg outwards, or diverging upwards from 
the bottom ; and it is not difficult to conceive, tbat each point 
of the side will sustain a pressure équivalent to the weight of 
the' column of liquid perpendicularly above it : but the same 
conséquence would ensue if the sides inclined inwards or con- 
vergea upwards from the bottom, as in fig. 15. In this case, 



Fig, 16 
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also, althouffh each point of the latéral surface hâve not any 
column of uie liquid perpendicularly over it^ still it is jprossed 
by the liquid in a direction perpendicular to the side, with the 
same fotce os if such a column were perpendicularly over it. 
The cause of this may be conccived by the followins reasoning. 
Let P be a particle of thé liquid, at the same deptin below the 
surface as the division marked 5. on the side of the vessel ; this 
particle is evidendy pressed downwards by the weight of the 
incumbent column P A. But, by what bas been already proved, 
it must be pressed by the same force in every possible direc- 

* \i'n iMoesfliiry that the «kks aliould be of unifonn wtdtli. For exanple, tha 
above rule coula not be applied to that side of the vessel which is preseoteu to- 
ward the eye in Fig. 14. — Am. Ed. 
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tion ; and, therefore, it ia piessed with this force ttom P in the 
direction of ^e division 5. on the side : this pressure is therer 
foire transmitted to the particle continuons, to the division 5. 
This point, therefore, resists that pressure ; and the suxqb rea- 
soning will apply to cvery other point in the side of the ve'ssel. 

From what has been just stated, it follows, that, if the sides 
of the vessel, ^.14. and^. 15., be equèdly inclined, but in 
contrary directions to their bottoms, that the vessels be filled 
to equal depths, and that the magnitude of the latéral surfaces 
in contact with the water be equS, the whole pressure sustain- 
ed by the sides of the vessel will be the same, although the 
quantities of water which they respectively contain be very 
oifferent.. 

(27.) The pressure on the bottom of the vessel, in ail thèse 
cases, dépends only on the magnitude of the bottom and the 
depth of the liquid ; and is altogether independent of the shape 
of the sides, and of the whole quantity of liquid in the vessel. 
Thus, in three vessels, shaped as those represented in Jîg, 12., 
Jig. 14., and ûg, 15,, if the bottoms bave the same magnitude, 
and the liquias containcd in them the same depth, the pressure 
on the bottoms will be the same ; viz. the weight of the liquid 
which would be contained in a vessel having an equal bottom 
and perpendicular sides. This will be évident, if it be consid- 
ère d that each point of the bottom is under the pressure of the 
column of liquid inunediately above it, in the case of fig. 12. 
and Jîg*. 14. ; and the same reasoning may be extended to Jig, 
15., as already explained (26*). 

We may hence infer, generally, that the pressure upon a flat 
horizontal bottom is- found by miiltiplying the nuihber of square 
feet in the bottom by the number of feet in the depth of the 
liquid ; the product will express the number of solid feet of the 
liquid whose weight is equal to the pres3ure on the bottom. 
In a vessel of the shape represented in^, 14., the pressure on 
the bottom is less than the whole weight of the liquid. In a 
vessel such as that represented in^. 15. it is greater than the 
weight of the liquid ; and in such a one as is represented in 
Jig. 12. it is equal to the weight of the liquid. 

Thèse results may be verified experimentally, by providing 
three vessels of the shapes already mentioned, having movablé 
bottoms, which, when applied to tiiem, will be water-tight, the 
bottoms being equal. Let the bottom be pressed against each 
vessel with equal forces, which may be done by a lever, one 
arm of which is pressed upwards against the bottom, by a / 
weight suspended on the other arm. Let water be now poured 
into each of the vessels, until, by its pressure, the bottom is de- 
tached. It will be observed tiiat, in each of the three vessels, 
the depth of water necessary to accomplish this is the same. 
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There ia another method of illustntting thcae tlienrema ex- 
perimentally, which is attended with lésa procticol dîfficulty 
thau that juet mentioned. Let tha mov&ble battom be preaaed 
against each veaael by a string attached to it, and carried up 
through the veisel ; and thenletthe veasel be plunged in a 
cistem of water, as repreaented îtiSg. 16., untîl it attain such 
a depth that the upwanl preaaiite of the wàter underthe botlom 
will be aufficieDt to lieep the bottom fîrmly attached to the vea- 
ael. Let the etring be Ihea disengaged, and \et water be potu-' 
ed into the veaael nntil ita preasure détaches the bottom ; and. 
let the depth of water be obaerved which ia aufficiect to efiect 
thia. Let eaph of the three vessele be immersed in the cistem 
in a eimilar way, and to the aame depth, as repreaented iafyi. 
16, 17, and 18. It will be found that Ihe depth of wator neces- 

Fig. 16. Fie- n. Fi£. 18, 



iaiy to be poured into the veaael in ordbr to detach the bottom 
will be the same. 

The foUowing expeiiment ia a very striking illustration of 
the same principle : — 

A cylindrical vessel A B, Jig. 19., bas a- glaas tube inseited 
in it, water-tight, at a, and is provided with a movable bottom, 
which, however, fits it water-tight. This bottom is siipporteo 
by a wire, which, paaeing up the tube, is attached to the arm of 
a balance, and ia counterpoiaed by a weight in the dish aus- 
pended from the other arm. Suppose the vessel AB now to 
I be filled with walar to the neck, a ; and let the tube be divided 
into parts at b, t, d, t, each tif wldcli shall be equaJ to the depth 
. of the vessel A R Let a aufficient weight be put into the dish 
to maintsin tlie bottom of the ïeasel AB in its place. Thia 
weight will be found to be equal to the weight of the wator 
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Fig, 19. 




contained in the vessel A 13. Thus it appears that this water 
presses down the bottom with a force equaL to ita weight. Let 
water be now poured into the tube until it rises to the level h : 
it will be found that exacUy as much more weight in the dish 
D will be necesaaiy toinaintMn .the bottoqiin its place, as was 
required to suppoxjt it when Ifhe lev^ vi^aa at a. Thus the 
column a b produees as mudii pi<e8Bure on 4he bottom as the 
whole of the liquid in th(e vessel A B. If the tube be again filled 
to the level c, the pressure will receis^ another increase, equal 
to t)ie weight of tihe jiiquid containe^ in A B j and a sinular 
addition must be m^àe to the counterpoiae, in order to main- 
tain the bottom of ^he vessel in its plaûe. In the same manner, 
each addition whiqh is made to the ^olUjnm in the tube equal 
to the depth of the vessel A B will cause a similar increase in 
the pressure, and will be indicated by the necessity of giving 
a corresponding jncreaçe to the counterpoise. 

In this case the bas A B and the tube must be fixed in thcir 
position independently of the bottom qf the vessel. The force 
which sustains the bottom will hâve a tendency to press the 
vessel A B upwards, amountin^ to the excess of the whole 
weight in the dish above the weight of the bottom of the vessel, 
together with the weight of the water in the vessel and tube. 
In fact, àll that part of the weight in the dish which is not spent 
in supporting the bottom, and the water above it, is expended. 
in producing a pressure against the top of the vessel A B, which 
that vessel must be so iirmly fixed as to resist. '^ 

(28.) We hâve hitherto supposed the sides of the vessel to 
be straight and regular ; but even thouffh they be not, the près* 
sure on the bottom is determined by me same rules. In the 
conséquences of this principle, the hydrostatic paradox reap- 
pears under some curions forma. 
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Let ABC "D^fig* 30., be a square close ves^el, with a ttaaJl 
hole, O, in the top, in which a narrow tube, T O, is screweé 
water-tight. Let the vessel A B C D, and the tube to the level 
T, be fiUed with water« According to the piinciple whiqh bas 
been just eetablished, the pressure on the bottom, C D, will be 
proportional to the depth, T M ; or, in fact, will be equal to the 
weight of water which would fill a vessel of the magnitude 
£ D C F. This will be the case, however ^shallow tiie vessel, 
A B C D, and however narrow aie tube, T O, may be ; and 
hence an indefinitely small quantité of water may be made to 
produce a pressure on the bottom of the vessel which contains 
it, equal to the weight of any quantity of water, however great 

As the pressure dépends only on tlie depth, and is independ- 
ent of the shape of the vessel, it is not necessary that the tube, 
T O, should be straight, but it may be bent or deflected into 
any irrefirular form whatsoever. But, whatever be its shape, 
the depth of the âuid is to be estimated by the perpendicular 
distance of the upper surface &om the bottom of Ûie vessel. 

(29.) In the examples already given, the sides and bottoms 
of the vessels considered hâve been flat surfaces, or hâve been 
in the perpendicular or horizontsi position. The surfaces, 
however, of vessels or réservoirs are subject to every variety 
and shape ; and it is necessary in practicid science to possess 
raies applicable g^nerally to au sûrfèucies which contain liquids. 
What bas been already stated with respect to tiie average 
pressure, is the principle which, geneialized, must lead to such 
a raie, The various parts of any surfaae, whatever be its form, 
wÛl be subject to pressures, depending on tb^ depths below 
the surface of the llquid, ail points at the same depths suifering 
the same pressure. There is a certain pressure, ormean <^afi 
the various pressures, to which the points of the surface are 
subject ; and whatever tliis pressure be, it must be such, that. 
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if difiused over the whole surface, the total amount of the pres- 
sure on that surface will not be altered. If, therefore, this mé- 
dium pressure can be found, and the magnitude of the surface 
in contact with the liquid be known, the total pressure may 
immediately be obtained. Suppose, for example, the average 
pressure be 15 pounds upon every square inch, and that the 
magnitude of the surface in contact' with the liquid^ be 100 
square inches, then the total pressure will be 1500 pounds. 

The détermination of the total pressure, therefore, dépends 
on that of the average pressure. Now, m the pressure at each 
point is proportional to the depth of that point below the sur- 
face, it may be considered as represented by that depth. Thus, 
if a pressure of one pound be produced upon a square inch at 
the depth of one foot, a pressure of two pounds will be pro- 
duced upon a square inch at the depth of two feet, three 
pounds at the depth of three feet, and so on ; the number of 
feet in the depth always expressihg the number of pounds in 
the pressure. Hence it is obvions that the average pressure 
will be produced at the average depth; and, therefore, the 
question is reduced to the détermination of the point whose 
depth below the surface is an average of the depths of ail the 
points of the surface in contact with the liquid. By a singular 
though not unaccountable coïncidence, the point which would 
be the centre of gravity of a thin sheet lying in close contact 
"with the surface of the vessèl, covered by the fluid, is placed at 
4iiat depth below the surface which corresponds to the médium 
pressure. This arises from a property of the centre of gravity 
well known to geometers, and from* which that point has been 
sometimes called the centre ef mean distances, The centre 
of gravity of any surface is always placed at a distance from 
any plane surface, which is an average or mean of ail the dis- 
tances of the various points of tlie proposed surface from the 
plane surface. 

(30.) To détermine, therefore, the total pressure on any sur- 
face, let the position of the centre of gravity of that surface be 
determined by the rules established in mechanics, and let its 
depth below the surface of the liquid be ascertained; then 
multiply the number of feet in this depth by the number of 
square feet in the surface of the vessel covered by the liquid : 
the product will express the number of solid feet of the liquid, 
whose weight is equal to the total pressure. 

Excepting the case of regular surfaces, the détermination of 
the centre of gravity is a problem which connot be solved with- 
outthe aid of mathematical formularies of considérable difficid- 
ty.* We shall, however, illustrate the theorem just explained 
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by Bome examples, which we can rânder int^gible to the 
gênerai reader. 

Let a hollow globe be êlled with a liquid through a small 
hole in the top. The centre of gravity of the suiface of the 
globe is ei^dently at its centre ; and therefore the depth of that 
point is hfdf the diameter of the globe. The total pressure will, 
therefore, be found £y mnltiplying the number of feet in half 
the diameter of the globe by the number of square feet in' its 
surface. By the principles of geometry it is proved, that the 
soUd contents of a globe are determined by multiplying the 
Bumber of feet in half the diameter by a third part of the 
number of square feet in the surface. Hence it appears that 
the pressure on the surface of the globe is three times the 
weight of its contents. 

If a cubical yeBsel-«-that is, one having a square bottom and 
four square sides, each equal to the bottom — ^be filled with a 
fluid, the centre of gravity of each of the four perpendicular 
sides will be at half the entire depth of the fluid below the sur- 
ftce. Therefore the pressure on each side will be found by 
multiplying the number of feet in half the depth by the number 
of square feet in the side. But the entire contents of the ves- 
sel are found by multiplying the number of feet in the entire 
depth by the number of square feet in any side. Hence it ap- 
pears that the pressure on each of the four sides is equal to 
half the weight of the fluid contained in the vessel. The pres- 
sure on ail the "four sides is, therefore, equal to twice the 
weight of the fluid contained in the vessel. The pressure on 
the bottom has already been shown to be equal to the whole 
^eight of the fluid; and therefore it followa, that the total 
pressure of the fluid on the surface of the vessel, includingboth 
the sides and bottom, is equal to three times the weight of the 
fluid which it contains. 

Thus it appears, that a globe and a cube, containing equal 
measures of liquid, will sufler equal pressures if fllled, each 
sustaining a pressure amounting to three times the weight of 
the fluid it contains. 

(31.) If any body be immersed in a fluid^ the pressure which 
its surface sustains from the surrounding liquid is to be deter- 
mined by the same rules, and according to the same methods, 
as are used for determining the pressure on the surface of the 
vessel which contains the liquid. ^ Thus, if a globe be plunged 
in a liquid, the total pressure on its surface is found by multi- 
plying the number of feet in the depth of its centre, below the 
surface of the liquid, by the number of square feet in its exte- 
fior surface. 

(32.) The two bydrostatical theorems wliicb we bave at- 
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texnptcd to etplain in this and the preceding ciiapter,-*~viz. 1. 
That liquids transmit pressure equaUy in ail directions ; and, 2. 
That the pressure prodnced by the weight of a liauid is pro- 
portional to its depth, — ^will serve to elncidato many familiar 
and remwkable phenomena. 

If an empty bottle, or rather one containing only air, be 
tiehtly corked, and be sunfc by weights attached to h to a con- 
sidérable depdi in the sea, the pressure of the surrounding 
watêr will either break the bottle, or force the cork into it 
through the neck. On drawin^ up the bottle, it will be found 
to be filled with water, and to navè the cork within it belov 
the neck. 

If the bottle hâve flat sides, and be square*bottomed, it will 
be broken by the pressure, the form bein^ unfiivorable to 
strength ; .but if it be round, it will be more liJsely to resist the 
pressure, and to hâve the cork forced in, The cdiape in this 
case is conducive to strength, partaking of the qualities of an 
arch. 

An experiment of the nature just described was made by Mr. 
Ctunpbell, author of ** Travels in the South of Africa." On his 
voyage from the Cape of Good Hope homeward, he forced a 
cork mto tiie neck of a bottle, so thick as to fit it very tightly, 
and so that half the cork remained above the edge of the neck; 
a cord was tben tied round the cork, and fiisténed to the neck 
of the bottle ; and the whole was covered with pitch. The 
bottle was connected with a weight to make it sink, and, being 
suspended by a sounding-line, was gradually let down into the 
sea. When it attained the dépth of about fifty fisithoms, an in- 
crease of weight was suddenly fêlt Upon drawing up the bot- 
tle, the cork was found inside, and the bottle filled with water. 
The pressure of fifty fathoms of water had forced inctbe cork, 
and filled the bottle. 

Ânother bottie was similarly corked, but a sail-needle was 
passed through the cork across the edge of the neck, so as to 
resist the passage of the cork into the bottle. Thus prepared, 
the bottle was again immersed to the depth of fifly fathoms, 
and the same sudden increase of weight was felt. Upon draw- 
ing up the bottle, it was found filled with water, but the cork 
was not displaced. Mr. Campbell attributed this efiect to the 
water being forced through the pores of the glass by the sur- 
rounding pressure. It is, however, sufficiently évident, that 
the liquid obtained admission through the more open texture 
of the cork.* The circumstance of the cork and the pitch 

* A more satisfactory ezplanation iv, that the water entera between the neck 
of the bottle and the aides of the cork, wfaich is diminished in diumetet l>y the 
latéral nressure of the incumbent fluid. — Am. Ed. 
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which covered it not being broken, atoae fkim the perfectif 
equiiil presBtire wbich waa excited upon it iji sU directions.* 

The equâlity of Ihe pressure whicb & UqLÙd exerta in ail di- 
rectiona is demonstrated by tbe fact, that, to whatever depth ■ 
soft or brittle substance n)a.y be immeraed, it will nndergo no 
chsjis^ of shape by tiie sarroanding preesarc. This ia an effect 
which it is obvioua could not be prodùËed by any nther cauae 
Ihan « perfect equality of pressure on avery part; fot if any 
part were aubject to a ^ater force than an ai^acent paît, ÛM 
part would be pressed mwarda if the body were soft, and Would 
be broken offif it were brittle. A pièce of soft wax, or a pièce 
of glasa not havin^ any hollow part wilhin it, being immersed 
to any depth in wftter, aufiera no change. 

If a pièce of wood which &oUt on water be forced down to 
a great depth in the aea, the preaBUre of the sinroiinding Uquid 
will be ao aevere, that a qnantity of water will be forced into 
the pares of the wood, which will be aufficient to increaae its 
weight, eo that it will be no longer capable of floating or riaing 
to the sorfHce.t 

A diver may, with impunity, plunge to certain depths in tiie 
■ea; but there is a limit of depth beyond which he cannotcon- 
timie to live under the pressure to which he is aubject. For 
the saute reason, it is probable that there ia a depth below 
which fiehes cannot exiet.^ 

(33.) Liquida in gênerai are treat«d in hydrostatica as incom- 
pressible bodies ; viM ia, as bodios which, being submitted to 
pressure, will not aoffer their dimensions to be diminishod ; and 
this ia tnie, eïcept in extrême caaes. It wbb long conaidered 
that no force whatever was capable of compressing a liquid; 
but expérimenta instituted in the yaar 1761 by Canton proved, 
Fig.si. that under eevere preasure they suffered a slight 
diminution of bu!k : it also appeared, that upon the 
■ presaure being removed they reaumed their former 
^ dimenaiona. It was thua eatâblished, that liquida not 

Ionly were corapreasible in a sJight degree, but also 
elaatic.§ 
The pressure of liquida at great deptJis below the 
aurface, fumiahes an easy method of terifying by ex- 
' perimenta theae résulta. Let A B, Jlg. 21. Ee a cy- 
l{lindrical veaael, having a round hole, C, in the top, 

* Cunpbsll'a Tnvsia, p. SOT. BtawfUT'i Encf. i). p. 1^3. 
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through which a piston, P M, passes water-tight Let this vessel 
be completely filled with water, the piston P M being inserted in 
it Let a ring slide upon the piston, with sufficient friction to 
prevent it firom falling by its own weight ; and let it be pressed 
down to the orifice C. Let the vessel now be plun^ed to a 
considérable depth in the sea. Upon drawing it up, it will be 
found that the pressure of the surrounding water had forced the 
piston to a.greater depth in the vessel ; and that the water con- 
tained in it was therefore compresséd into smaller dimensions. 
This will be indicated by the position of the ring which slides 
on the piston ; for that will be found, not at the orifice, as be- 
fore immersion, but at a certain distance above it. On being 
forced into the vessel, the piston passed through the ring, which 
was restrained in its position by the top of the vessel immedi- 
ately surrounding the piston. Upon drawing up the vessel, 
the removal of the pressure enabled the water contained in it 
to résume its diinensions, and the {Sston was forced back to its 
fixst position. In rising out of the vessel it carried the ring up 
withit, so that the distance of the ring from the hole C, after 
the vessel had been drawn up, showed Sie space through which 
the piston had been forced in. 

This is the most convenient practical proof of the compres^ 
sibility of water, It likewise establisheâ the elasticity of that 
liquid ; for if it were merely compressible, without being elaa- 
tic, the piston when forced into Ûie vessel would remain in it, 
and the water compresséd would continue to retain its diminished 
volume afler the force which compresséd it had been removed. 

The degree of compression produoed by a given force, may 
be found by determining the total contents of the vessel ; the 
magnitude of a given length, as one inch of the piston ; the 
depth in the vessel to wluch the piston has been forced, and 
the depth in the sea to which the vessel has been sunk. At 
the depth of 1000 fathoms, it has been found that the bulk of 
the water contained in the vessel is diminished by one twenti- 
eth of its original dimensions. Thus 20 solid inches of water 
will be reduced, by the pressure of 1000 fathoms of sea water, 
to 19 solid inches. 

(34.) If a fissure in a rock happen to communicate with an 
internai cavity of any considérable magnitude, placed at some 
djBpth below the top of the fissure, it may happen that rain, per- 
colating through the fissure, 'and thefeby filling the internai 
cavity, shall splrt the rock. The pressure acting against the 
surface of the cavity, and tonding to burst the rock, will in this 
case be proportional to the depth of the cavity below the top 
of the fissure. For cvery 28 inches in tKis depth, a pressure 
of about one pound will be produced upon every square inch of 
the surface of the cavity. 
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(35.) In the constraction ot pipes for the supply of irater to 
cities, H ici necessaiy that those parts, which are much below 
«be level of the reserroir fr<Mn which the water is supplied, 
should hâve a greater strength than is requisite in those which 
are in more elevated situations. A pressure àlways acts upon 
the inner surface of the pipe, tending* to burst it, which may be 
esiâmated in the maiiner already explained. A pipe, the di- 
améter of whose bore is 4 inches, bas an internai circumfer- 
ence of abont 3 foot, tmd the internai surfîice of 1 fôot of sùcih 
a pipe will be 1 square foot or 144 squflûre inches. If soch a 
pipe were 140 feet below tiie level of the réservoir, it woulA 
therefore suffer a bnrsting pressure, amountinff to about 60 
pdonds on every square inch of its Burfkce, for d& inches iscon^ 
tained 60 times in 140 feet ; and hence a pièce of the pipe 1 
foot long will sustaîn 144 tunes this pressure, thàt is, a bursting 
pressure of 8640 pounds. Tins pressure conraderably excêe£ 
that which is prodnced in most high pressure steam engines. 



CHAP. IV. 

LiaumS MAINTAIN THEIS L^TBI^. 

IXPERIMZirTAI. PKOOFI.— VE8SSX. COHNXOTED WITB OOMllirinCATtNO 
TUBE.— ft£ VIRAI. VXS8BLS BETWEEIT WHICH THXRB18AFREX COM- 
MUNICATION.— HVDROSTATiC PARADOX XX7LAINED BT TBI8PRINCI- 
PLE.— SURFACE OF A LIQ,UID LEVEL.— WHY THE QUALITT DOES NOT 
EXTEND TO SOLIDS.-'-SURFACE OF THE LAND. — SURFACE OF THE 
SEA.«*-CURIOUS OPTICAL DECEPTION IN WAVES. — SIMILAR PROPER- 
TT IN REVOLVING SCREW.r-ORNAXENTAL FOUNTAIN 0I.OCK«^— 
PHBNOMENA OF RIVER8,8PRINGS, WELLS, CATARACTS, EXPLAINED /-r- 
CANALS^ LOCKS.— METHOD OF SUPPLTING WATER TO TOWN8.—- EXACT 
SENSE OF THE WORD LEVEL.*-<!OMMON SURFACE OF TWO LI^UIDS 
IN THE 8AMS TESSEL.r**LEVELINa INSTRUMENTS. — SPIRIT LEVEL. 

(96.) From the two properties of liquida established in the last 
two chapters, a third, and not less important one, may be de- 
dnced. If the pressure arising from aie weight of a liquid be 
proportional to> the depth, and that pressure be transmitted 
equally in eveiy possible direction, it will fbllow, that the sur- 
ffûe of ail parts of a liquid contained in the same vessel, or in 
two or more vessels between which there is a free communica- 
tion by tubes or pipes, or otherwise, must be always at tiie sarne 
levd ; and that lî any extemal cause accidentally disturb that 
level, the liquid will by its gravitj retum to it, the higher parts 
fallinff, and the lower parts rismg, until the equality be re- 
stored. 

4 
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Fig. tt. Let A B and A^ F, ^. âS^ be two perpen- 

, dicular glam tubes, umted by a third tube, B F, 

Uplaced in a horizontal position. Let any liqoid 
be poured into the tube A until the horizontal 
tube B F is filled. Let us now suppose that 
the lower end of the tube A' F is olosed bj 
a stopcock at W. The tube B F being hon- 
zontaî, the water which fills it has no ten- 
dency to move by its weight towards either end, and therefore 
the stopcock at "& sustains no pressure from it Let an a^di- 
tional qoantity of Ûie liquid be now poured in at A untU it fill 
the tube to the height C. The surface of the liquid in the hor- 
izontal tube at B ÎB now pressed by the weight of the column 
B C. The liquid in the horizontal tube transnûts this pressure 
undiminished to the stopcock B', which is therefore pressed up- 
wards by a force equal to the weight of the column of liquid 
B C. This pressure would eyidently cause the liquid in the 
horizontal tube to rush into the vertical tube B' C if Ihe stop- 
cock B^ were opened. Supposing it to remain closed, however, 
let a quantity of the liquid be poured in at A' until the column 
R C shall attain the same height as the column B C ; the stop- 
cock B^ will then be pressed downwards by the weight of the 
column Hf C resting upon it, while it is at the same tune press- 
ed upwards by the weight of the column B C, transmitted to it 
by the liquid in the horizontal tube. It is thus pressed up- 
wards and downwards by equal forces ; and therefore, if it 
were free to movej it would hâve no tendency to change its 
position : hence, if the stopcock B' be opened, and the column 
B' O allowed to rest immediately on the surface of the Hquid, 
it will be supported^ and no motion will take place ; thus the 
columna B C and B^ C, having equal heights, balance each 
other through the médium of the liquid in the horizontal tube. 
Fig, 23. Let us suppose the stopcock 'Bf^Jig» 23., again 

closed, and let the colunm of liqmd in B' A' be 
greater than the colunm of liquid in B A, so 
that C will be higher than C. The stopcock at 
B' will now be pressed downwards by the weight 
of the column B^ C, and it will be pressed up- 
wards by the weight of the column B C. The 
downward pressure being therefore greater than 
the upward, if the stopcock be opened, the column 13/ C will 
descend, and the column B C will be forced up. The level C 
will therefore fall, and the level C will rise. When they attain 
the same height, their weights willmutually balance each other, 
as in Jig, 22. ; and if thèse were the only forces in action, ail 
motion would then cease. But in the descent of the column 
B' (y the whole mass of liquid in the tubes has acquired a cer- 
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tain veloeity, whidi, by reason of its inertia,* it lias a disposi- 
tion to retain. The level C will therefore continue to rise, and 
the level C to fall^ after they hâve attained the same height ; 
but when the colfhnn B C becomes higher than B' C its down- 
ward pressure exceeds the upward pressure transmitted to it 
ftom IV Oj and this exceas resists the tendency to continue its 
motion upwards, and finally destroys it. The level C wlU then 
hegfn to descend, and the level C to rise, and this will continue 
until the level C has attained the height which it h&d at the 
commencement of the process ; it will then fkll, and the oscil- 
iation will continue. 

We hâve hère, however, set aside the considération of the 
effects of the friction between the liquid and the tubes which 
contain it This, by continually resisting the motion of the li- 
quid, will cause it to rise to a less height in the tubes, at each 
oscillation, than it did at the preceding one, and at length will 
reduce it to a state of rest. In this state the surfaces C C will 
be at equal heights àbove the horizontal tube B B'. 

Fig.U. 




(37.) Wé bave hithetto supposed the tubes A B and A' B^ to 
be peipendicular, but the same conséquences will ensue if they 
hâve any oblique position, as in J^. 24. As before, let a stop- 
cock be placed at B' and closed ; let the horizontal tube B uf 
be filled with liquid, and let a cblumn be also poured into the 
oblique tube A B, the surface of which is at C. According to 
what has been proved in the last chapter, the column B C 
presses on the liquid in the horizontal tube with a force propor- 
tioned . to the perpendicular height of the surface C above B. 
In fact, it presses with a force equal to the weight of a column 
whose height is B D, the Une drawn Irom B perpendicular «to 
the horizontal line irom C. This pressure, therefore, is trans- 
mitted by the liquid in the horizontal tube to the stopcock B', 
whkh is pressed in the direction of the tube B' A' with that 
force. If a quantity of liquid be now poured in at A', until the 
heicht of the surface C above B' be equal to the height of the 
surface C above B, the downward pressure on B' wiU be equal 
to the upward pressure transmitted from the column B C ; for 
this downward pressure is equal to the weight of a column 
whose height is B' !>, which is equal to B D. 

Cab. Cye. Mechaaies, p. 91. «e nq. 
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By reaBcming piecisely similar to tfaat wiûdi bas bee& vmeà 
with respect to the perpondicular tubes, it may be proved, tiuit 
if the Btopcock B' be opened, the liquid will remam at refrt; ; 
and also that if the surface C be not at the same level with the 
eurfaoe C, an oscillation will take place, which hemg contiiHied 
for a certain time, the surfaces will at length settle at the same 
heiffht ahove the hoiizontai tube. 

(§8.) We hâve hitherto supposed that tha tubes eontainin^ 
Hie liquid, whoee weight produces the pressure^ aj?e equal in 
bore. The saine conséquences may, however, be deduced, if 
they be unequol, or if, instead of being tubes, they be vessel^ 
of any form whatever. Let A B, Jig. 25^ be an oblique tube 

Fig,ZB. 




» 

communicating with a réservoir A' B', a stopcock beinff placed 
at B'. Let the tube and réservoir be now filled to the same 
height, C C, the stopcock at B' being closed. The same hori- 
zontal line, C C, will mark the levai of the liquid in the tube, 
and the liquid in the, réservoir. The liquid B C, in the tube 
B A, will press on the liquid in the horizontal tube, with a force 
equal to aie weight of a column of the lic^uid whoee height is 
B D, and whose base is equal to the section of the tube at B. 
This force will be transmitted by the liquid in the horizontal 
channel B W, so that each square inch of the surface of the 
stopcock B^ will be pressed by a force equal to the weight of a 
column whose base is a square inch, and whose height is equal 
to B D. The liquid in th^ vessel A' B' presses on each square 
inch of the other side of thç stopcock, with a force which is 
equal to the weight of a column whose base is a square inch, 
and whose height is B' IV. If, therefore, as we bave already 
supposed, B' IK be equal to B D, the stopcock will be pressed 
equally on both sides ; and if it be opened, no motion inll take 
place in the liquid. But if, on the other hand, WW he not 
equal to B D, the higher surface will subside, and the lower 
one rise, and the osculating motion already described will en» 
sue, and will continue unm, at length, tiie suxfoces C and C 
setâe at the same level. 

An apparatus, to illustrate experimentally the propertyby 
which liquids maintain the same level in communicating vessels. 
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is lépIeseDteâ in Jtg. 96. A, B, C, D, E, «re g^M immU, of 
ytrioUB Eihapea, commumeUiiic by short tubul&r shauka wiâi a 
horizontal tabe, whiiA poMea beneilh them, wd vbiçb ili tha 



figure itf concetled by- I&e sUnd wbich simiHvta the veaselB. Iv 
the ahank of each ia plac«d a rtopcock, K, which when cksïd 
fnsnlates the vessele, and when opeued leaTOfl a free communi- 
cation between ihem bf meana of the tnbe. Let ail the «top- 
cocka fae now cloaed, and let w&ter be peured into the aevenl 
veaaels, so as to atand at différent heighta : if the serenl stop- 
cocka be op«ned,' ao that the veaBeU ahall hâve a frae conmiQ- 
nication vith each other, the hig:her surfaces willfall, and the 
lower oneB rise, until they attain the aame level, and then ail 
motion will ceaae. If theetopoockabeae^n cloaed, and water 
pouTed into the vesaela,so as to pivetheuqnidsdiSereat 1evel% 
Ihe experiment may be repeated^y opemng the stopcocks. It 
wiU alwaye be found, that, when the atopcocka are opened, the 
liquid win aettle itaelf to the aame level in ail the veseels. 

A teapot, kettle, or any other vessel contûnin^ a liquid, and 
having a apont, muât be ao constructed that the lip of Uie apout 
shall be on a level with the \a^ of the veaeel, or M least on a 
level with the bigheat point tO vhich the Teaael is to be filled ; 
oihenriae, upon filling the vossel above the levet of the end of 
the Bpout, the liquid in die vease!, havin? a tendency to riae 
above the level of the end of the spout, wOl iasne frcan it If 
the veaael be inclined with the spotit downwaids, it takes a po- ' 
sition in which the level of the water in the vesaet ia above niat 
of the lip of the spout, and accoidingly tho liquid flows ouL 

(39.) Vaiioua examples of that cfasa of effecta which hâve 
been called the Hydrostatic Paradox, and which hâve been al- 
ready noticed, may ba shown to be équivalent to thia pjoperty 
by which flutds maintain their levé). We shall confine ouc- 
aelves hère to one example. Let ABC D,J^. 27., be a large 
veasel, with perpendicutar aidée, and communie atjng by B B 
with a perpendicutar tube, E F. If water be~ poured into 
A B C D unijl it riaea to the level E L, it will atand at the 
same levé). H, in the tube E F. 

Now, suppose ail tiie water in the veeeel A B C D alxiva tije 



levé) H N to be removed, uid its place suppUed bf a pioton, 
H N, »hich moves witei-tight in tbe tsbs«1 ; and let thii piston 
b« loided with weights, so that khe weight of itaetf aad ils load 




■ïaU be equal to the weidit of ihetrater vhicb hu beeu le- 
moved: tbe piston wiU theu preis on tiie water beloir it with 
the Mme force as the witar removed previouBl; [n^Baed npon 
it; and as tbe water removad wm eusteined by it, the piston 
with its load vill also be sustained. Thua it appaara, that thi* 
piston is B<^n>orted by the pressure of the column of water in 
£ F. It will essilf be perceived that thia ia idsntjcal with the 
hydroatatic bellows explained in (8.). 

If the colnmn of vater in the tube abore the level O ba re- 
moved, and its place supplied by a piston of equal weight, thia 
piston, O, will support Ûie great pistou M N. Thia effect is 
équivalent to the principle of the hydroatatic preas explained 

^40.) After what bas been already proved, it ia nearly aelf- 
evident that every put of the surface of a âuid conSned in a 
vesaei must, if at rert, be at tbe same level. If thia were not 
the case, it wonid évident!; be possible that the surfaces of tbe 
same fluïd, in comninnicating veaseis, might bave différent 
levels ; for if we suppose two différent parla of the surface of a 
Uquid in a vease] to hâve différent beighta, as represented in 
the vessel ABC D,^. S&, let us diride the vessel into two 

Fig.lB. 



by a Bcdid partition, E P, leavinf, bovever, between the two 
parts, a commuDÎcaticHi, O, at tbe bottom ; and let Ûvm paititîoD 
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•0 dhride the liqmd, that the higàer paat 6t tfae knfbee, H, shull 
occupy 4)ne divisioii, and the lower part, L, the other. We • 
should thu8 hâve a liquid in commanioatnig vetsela standing al 
différent lerels; a rescdi which woald be inooBflistent with 
wàat iras fonnerly proved. Therefore i% folloiri, that fldl parts 
of the sttifkoe of a Ûquid contained in any ▼essèl most staâd at 
the saine le^nà. when at rest 

Indeed, this theorem is nothing more than a manifestation of 
the tendeney of the eomponent parts of every body to ML into 
the lowest positioa which the nature of their nmUial conneetion, 
and the circumstances in which they are placed» admit. Mo«n* 
tains do not sink and press up the adjacent valley s, becanse tfae 
strong c(^sive pimeiple which bine» together the constituent 
^articles of their masses, and those of t& earth beneath àiem, 
is opposed to tite force of their gravity; and is niuch more pow- 
erfiil: but if tlâs cohenon were dissolved, thèse ffreat' éléva- 
tions would sink from their lofty eminences, aad thé înterven- 
inff valleys would in their tum rise — ^an interchange of fi>rm 
taSing place; and this imdulation would cosninue «util tiie 
whole mass would attain a state of rest, when no ûtequality of 
height woold remain. AU the inéqualities, therefbre, ofoservi^ 
ble on the sàrâtce of kmd, are owing to the prédominance of 
the cohedVe over the gravitative principle ; the fàtmer depriv- 
ing the earth of the power of transmittmg, equally and in every 
direction, the pressure prodùced by the n.tter. 

On tiie other hand, if tiie sea, when in a state of agitation, 
were suddenly congealed, the cohesive principle taldng a strong 
effect, the mass of water would lose the power of transmitting 
pressure, and those ineqoaJities which, in the liquid form, were 
fluctuating, would become fixed ; every wave would be a hill, 
and the intermediate space a valley. 

. There is a curious optical déception attendinff the altemate 
élévation and dépression of the suriace of a liquid, which itmay 
be useful hère to notice. The waves thus prodùced appenu* to 
hâve a progressive motion, which is commonly attribùted to the 
liquid itself. When we perçoive the waves of the sea appar- 
ently advancing in a certain direction, we are irresistibly im- 
pressed witii a notion that the sea itself is advanciag in tMt 
direction. We consider that the same wave, as it advances, is 
composed of the same water, and that Ihe whole surface of the 
liquid is in a state of progressive motion. À slight reflection, 
however, on the conséquences of such a supposition, will soon . 
eonvince us that it is unfounded. The ship which floats upoa 
tfae waves is not carried forward witfa Ibem ; they pass beneatfa 
her, now lifting her on thehr summits, and now letting hev sink 
into the abyss between. Observe a sea fowl floating on the 
water, and the same efféct will be seen* If, however, the wa- 
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ter itsetf partook of the motkm whicfa we aflcribe to its waves, 
the ship ma. the fowl vould each be carriedlbrward, and woald 
hâve a motion in conunon with the liquid. Once oA the siunmit 
of a wave, there they would continually reuMÛn, aod their mo- 
tion would be «B smooth as if thèy were propeQed npon tfae eahm 
suifikce. <^ a lake. Or if once in the vaUey between two waves^ 
there likewise they would continually remain^ the one wave 
eontiiroally precedmg them and the ouier fc^winif. 

In like manner,if we observe the waves eontinuany approaeh- 
ing the shore, we must be convinced that thk apparent motioti 
is not one in which the watjer has any sbare ; for were it so, the 
waters of the sea would so<hi be heaped upon the shores, and 
would inundate the adjacent countzy : but so far firom the wa- 
ters partaking of the apparent motion of the waves inapproacb- 
ing uie shore, this motion of the waves eontinues, even whea 
the waters are retirijâig. If we observe a flat strand when the 
tide is ebbing^ we shall still find the waves moving towards the 
shore. 

That the apparent motion of the waves is, therefore^ an illu- 
sion) we can no longer doubt ; but we are naturaUy curions to 
know what is the cause of tins iUuiBion. That a progressive 
motion takes place in wmdhing^ we hâve proof^ fiom the évi- 
dence of sight. That no progressive motion takes place in the 
liquid, we hâve also proof, botii from the évidence of sisht, and 
firom other still more unquestionahle testimony* To what then 
does the motion belonf ? We answer, to the /otm of the wave, 
. and not to the liquid i^ch composes it 
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Let tfae undulating line injig, 29. be supposed to represent 
the surface of the sea, and let A B G be the crèsts of thrâe suc- 
cessive w&ves, and abc thé intermediate valleys* let Lll 
represent tiie bottom of the sea. At A, the depth of the water 
is represented by. the line A K. Take any point near A, as W^ 
and the depth hère is represented by mf K'. The summit of 
tfae wave being A, the depth at A is greater than the depâi at 
mf. The pressure of tfae cdumn A K being greater than tiiat 
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ofmt K', the point A bas a tendency to fall^ and the point wf to 
ri0e by reason of tbis exoess of preaauie. Tberefore mf wiU 
ïiàe to the point A^ while A sinfcs to the level m^ Tbua the 
points A and mf bave intercban^d levek ; the point mf being 
now raised to as greet a heigbt above the boltom LM as the 
point A bad before the change, and the point A having iâllen 
to the beigbt wbicb m' bad. In like manner it will be foond 
that, fbf every point in the first positioa of the wave, tbere is 
Èxsoiber point in tbe second position ivith wbicb it interchanges 
élévations. If thèse circumstances be closely conskieTed, it 
w31 not be difficfult to perçoive that, in the interval which we 
bave supposed, the vanons points on tbe snrftce of the water, 
soch as mfj wbicb were before on the sloping sidesof the waves, 
bave now become their sununits. A' W C, &>c. Not that the 
points ABC, &c. bave advanced to A^ B' C^, dtc^ bnt that they -- 
bave iâllen from thebr former élévations, wbile the latter bave 
risen. It appeara, therefore, that tbe ondulations of the sur- 
ùuce are produced by its différent points ascendinff and descend- 
ing altemateljr in a perpendicidicr direction, wiâiout any kind 
of progressif^ motion. 

To make this stÛl more clear, toi ns suppose that peipendico- 
htr Unes be drawn-from evei^ part of the surâice AaBfrOe, 
Sec, to tbe correspondmff pomts in the surface Af d^V O €f^ 
&c., and Ibt the interval oetween tbe periods at which tbe sur- 
face of the liquid assumes thèse tivo fomks be conceived to be 
one second ; in that time the several points of the ârat surftce, 
which are marked by the letters j», fiûl in the direction of the 
dotted Unes perpendicularly downwards to the points marked 
j^, and tiie points mairked ^.lise perpendicularly upwards, in the 
directions marked by the dotted lines, to the positions indicated 
by the letters ^. Between the two positions A. and A^, the 
noints of the sur^e between A and m! bave both risen and 
rallen during the second ; they bave ârst risen. to an elevatioi^ 
eqoal to that of A, and bave for an instatot in their tum formed 
the crest of the wave ; bat, before the expiration of tibe second, 
bave again fallen perpendicularly to their position in the dotted 
Mne. It will thus, it is hoped, be understbod how the ybrm of a 
wave may actually bave a progressive motion, wbile the water 
which composes it is sfationaxy. 

If a cloth be loosely laid over a number of parallel roUer9.4it 
such a distance asunder as to allow the cloui to fhU between 
them, the sbape of wujm will be exhibited. If a progressive 
motion be now givenIMhe rolleri^ the' cloth bcing kept star 
tionary, the progressive motion of waves will be produced^— 
tbe cloth will appear to advsnce.* 

^ * If a ropo, lying straight on a floor, hâve one of iU ends elevated, and then 
toddealj deprefsed, a •imilar illusion will be produced, on a »imilar priociple. 
Kepented jerks cause a saccession of undulationa, — Am. Éd. 
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It 18 the saine cause which makes a revolvinff cork-screw, 
held in a fixed position^ seem to be advancing in Siat direction, 
in which it would actually advance if thc wonn were passin^ 
tfarough a cork. That point which is nearest to the- eye, ahd 
which corresponds to Ûie crest of the wave in the former ex- 
ample, continnally oceupies a différent point of the worm» and 
continually advances towards its extremity. 

This property has lately been prettily applied in omamental 
clocks. A pièce of glass, twisted so that its surface acquires a 
ridge in the form of a screw, is inserted in the mouth of some 
figure designed to represent a fountain. One end of the glass 
is attached to the axle of a wheel which the dockwork keepa 
in a State of constant rotation, and the other end is concealed 
in a vessel designed te represent a réservoir or basin. The 
continuai rotation of the twisted fflass produces the appearance 
of a progressive motion, as already explained, and a stream of 
water continually appeaxs to flow firom the fountain into the 
basin. 

(41.) The properties in virtue of which liquids maiptaintheir 
level, and transmit pressure, are liie cause of m<Ac of the phe- 
nomena exhibited in the varions motions and changes to which 
water is subject on the surface of the earth. The rain which 
fails on the tops of mountains and other elevated places, if it 
encounlter a soil not easfly pienetrable by water, collects in rills 
and small drains, which, soon tmiting, form streams and rivulets. 
Thèse, descending along the sides of the elevationS| seekin^ a 
lower level, gradually encounter others, with which they unité, 
and at lensth swell ipto a river. The waters, still having a ten* 
dency to descend, are ^ovemed in. their course bv tbe slopes 
of the ground over which they bave to pass. They usually 
prbceed in a winding channel, directed by the varying form of 
the surface of the country, always taking that course which 
most accélérâtes their descent Soipetimea they widen and 
spread into ar spacioys area, which, losiog the character of a 
river, is denominated a lake } again oontracting, they résume 
their former chara^tar ; and af^r being swelled and incrcased 
by tributary streams, they at length corne to their final destina- 
tion, and restore to the océan those waters which had originally 
been taken from it by evaporation. Throughout the whole of 
this process the only prhiciple in opération is the tendency of 
liquid to find its level. 

In some cases, tbe rain which is lo^^d on elevated grounds 
meets a soil of a spongy and porouMRfcure, or one ^^ch bv 
various crevices and interstices is pervious by water. In such 
cases the liquid oflen passes to very great depths before it en- 
counters a barrier formed by an impénétrable stratum. When 
it does, and is confined, it is subject to a considérable hydro*» 
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static pressure irom the water which fills the more elevated 
veins and cbaniiels by which it is fed. This pressure fréquent- 
ly forces the water to break a passage through the surface, and 
it gushes out in a spring, which ultimately enlaj^es into a trib- 
utary stream of some' river. In some cases, the water which 
is filtered through the earth is confîned by impénétrable barriers 
in subterrsneous réservoirs ; barriers, aie strength of which 
exceeds the hydrostatic pressure. If the grouhd perpendicu- 
lariy above snch a barrier be opened, and a pit sunk to such a 
depth as will penetrate those strata of the earth which are im- 

Eervious to water, the liquid itf the subterraneous réservoir, 
avinff then free admission to the pit, will rise in it until it at- 
tain the level which it bas in the channels fVom which it is sup- 
plied. If this level be above the surface of the ^und, it will 
hâve a tendency to rush upwards, and if restramed by ^roper 
oieans, may be fonned into a fùwniainy from which water will 
âlways flow by simply opening a valve or cock. If the level 
of the source be nearly equal to that of the mouth of the pit, the 
water will rise to that level, and there stand : it will form a votU, 
If the level of the source be consideràbly below the mouth of 
the pit, the wàter will not rise in the pit beyond a certain 
height corresponding ta. the level of its source. In this case, a 
pump is introduced into tbe pit, luid the water is raised upon 
principles which will be explained when we come to treat of 
pneumatics; 

The water collected in the earth in this manner by infiltra- 
tion, sometimes bursts its bounds and rushes into the'bed of 
the sea. It is stated by Humboldt, that at the mouth of the 
Rio los Gartos there are numerous springs of fresh water at the 
distance of 500 yards from the shore. Instances of a similar 
kind joocur in Burlington bay on the coast of Yorkshire, in 
Xaffua in the island of Cuba, and elsewhere. 

Those sublime natural objects, cataracts and waterfaQs, are 
manifestations of the tendency of liqtdds to maintain their level. 
When by the union of streams large quantities of water are 
. coUected at élévations consideràbly raised above the level of 
the sea, the river whose head is thus formed frequently encoun- 
ters, in its approach to the sea, abrupt declivities, down which 
it is precipitated in a cataract The heights of the cataracts 
of the great rîvers of the world, though commonly much exag< 
gerated, are stîU such as to place thèse tremendous ]^enomena 
among the most an|Mb|g of natural appearances. The celé- 
brated cataract of ^^^Knbama, fonned 6y the Rio Bogota, in 
South America, was long coosidered to be the highest in the 
world, the fbll having been estimated by Bouguer to be not less 
than 1500 perpendicular feet. Humboldt, however, bas more 
recently found this calculation to be erroneous, and bas shown 
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that the neîght of the ftdl does not exceed 600 feet* The 
stream before it appro^ches the précipice haa a breadth of 14Q 
feet, which immediately contracta, and at Hne ed^ of the abysa 
is reduced to 35 feet The great cataracts of Niagara are well 
known ; the breadth of the stream is 400 jatds immediately 
before the descent, and the Uqoid is precipitated through the 
perpendicular height of 150 feet. The sound of thiâ cataract 
is cÙstinctly audible at a distance of thirteen miles. 

The motion of water in rivera has a sensible efiect in wear* 
ing away their beds. By this means, in the course of time, the 
face of a country may undergo considérable changes» The 
falls of Niagara are gradually changing their aspect by thia 
cause ; and it is probable that a period will corne, when the bed 
of the stream between thèse falls and Lake £rie will be worn 
to a depth such as to drain the entire of the waters of that in- 
land sea, and couvert the space it now occupies into a fertile 
plain.t Such a change ap^ajs to hâve been already produced 
at the falls of the Nile at syene, which are not at ail conforma^ 
ble to what we leaipi fr<xn the ancients to hâve existed there in 
former times. 

In accomplishing their descent to the level of the océan, 
rivers sometimes suddenly disaj^ar, finding through subterrar 
nean cavems and channels a more precipitate course than any 
which the surface offers. After passing for a certain space 
thus under ground, they reappear, and flow in a chajmel on the 
surface to the sea. ScHUetimes their subterranéous passage 
becomes choked, and they are again forced to find a channel 
on the surface. The waters of the Oronoko lose themselves 
beneath immense blocks of granité at the Raudal de' Cariveu, 
which, leaning against one another, form great natural arches, 
under which the torrent rushes with immense fury. The 
Rhône disappears between Seyssel and Sluys. In the year 
1752, the bed of the Rio del Norte, in New Mexico, became 
suddenly dry to the extent of 60 leagues ; the river had pre- 
cipitated itself into a newly formed chasm, and disappeared for 
a considérable time, leaving the fine plains upon its banks en- 
tirely destitute of water. At length, after a lapse of several 
weeks. the subterranéous channel having apparently become 
choked, the river returned to its former bed. A similax phe- 
nomenon is said to hâve occurred in the river Amazon, about 
the beginning of the eighteenth oentury. ,At the village of 
Puyaya, the heà of that vast river wassn^ly and completely 
dried up, and remained so for several iM^in conséquence of 
paît of the rocks neftr the cataractof Reiitena hàving been 
tbrown down by an earthquake.} 



* Hamboldt*! KoBoarehet. vol. i. p. 76. 
Brewiitors Edinbor^ Eneyclopedia, vd, xtI. p. 519. 
Brewster's Edinbargh'Ëncyc. vol. xvi. p. 519. ilumboldi, vol. ii. p. 312. 
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(49.) The metiiodB of conductiii^ a canal tfarou^ a oountiy 
depena upon thls property, bv which liquids find their kyel : 
when the space thxough which the canal is to be conducted ia 
not a unifbrm level plaioi the effects of its decUvity are provid^ 
ed against b^ contrivances called locks. If a canal were çi^l 
upon an .inclined surface, the water would run towards the lawi^^ 
extremity, and overâow the bank, leaying the higher'end àrjfi 
A channel of any considérable len^th, even with a gentle aii^4 
graduai slope, would be attended with this effect. ^.^ 

The couine of the canal is therefore divided into levels o( 
various len^^ths, according to the inequalities of the count];]^ 
through which it passes. Let A B, fg. 30., represent a slope, 

Fig,3û, . 




along which it is required to conduct a canal. A séries of lev* 
els, A D, E F, 6 fi, are constracted artificially, partly by form- 
ing^mounds, LEK and MGB, and partly by excavations, 
AD L and K F M. The canal is carried snccessively alon? 
each of the levels B G, F E, D A. Thèse conunanicate with 
each other by locks at E D and G F, by means of which vessels 
passing in either direction axe raised or lowered with perfect 
ease and safety. 

The cons^ction of a lock is easily understood. Let A B 
and C D, fig, 31., be two adjacent levels of a canal ; the water 

i%. 31. 




in the higher level A B, is confined by a fIoodgate,.B C, which 
mav be opened and closed at pleasure, and near the bottom of 
which are small openings, covered by sliding boards, through 
which water in th^l^jher level may be allowed gradually to 
flow into the lowlHp! Suppose CEalength sufficient to 
contain the vessels wmch are to pfuss the lock ; at E let another 
Âoodgate be placed, carried to a height equal to the level tÂ 
the water in A B. If a vessel is to be pasi^éd from the higher 
level to tlie lower, the floodgate F G icf closed, and the sluiceg 
5 
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at the bottom of B C are opened. The irater flows from thèse 
iitto the lock BG, and continues to flow* until it attains the 
same levé! in the lock and in A B. The gâte B C is then open- 
ed, and the vessel is drawn irom A B into the lock. The gaie 
B C is then closed, and the sluices at the bottom of F G are 
opened. The water begins to flow ôx>m the lock into E D, and 
the level of the water in the lock gradually subsides. The 
vessel fioating upon it is thus slowly lowered ; and thifl con* 
tinues until the water in the lock attains- the same level as the 
water in £ P. The gâte F G is then opened, and the vessel is 
drawn out of the lock into the lower level. 

A vessel is conducted from the lower to the higher level by 
the reverse of this process. The gâte B C being closed, and 
the gâte F G opened, the water in the lock and in £ D stands 
at the same level. The vessel is drawn into the lock, and the 
gâte F G closed. The sluices in B C are opened, and water 
permitted to pass gradually from the higher level into the lock ; 
the surface of the water in the lock is thus slowly elevated, 
raising the vessel with it ; and this continues until its sxafwce 
attain the level of the water in A B. The gâte B C is then 
opened, end the vessel drawn into the higher level. 

In whichevex direction a vessel pass tm*ough a lock, it is evir 
dent that a quautity o^ water sufficient to raise the level of the 
water in the lock to that of the higher level must pass from the 
higher to the lower level ; the canal must, therefore, be always 
fed with a sufficient quantity of water to supply tlxis waste.* 
The objections to looks are the delay they occasion and the ex- 
pense of their construction, their repairs, and their attcndance. 

* Deicendine boats neyer require a quantity of water, which, independently of 
the boat, would be reqaiaite to raise the surftice nf the water ta that of the higher 
leyel ; nor is the same quantity required to pass, in the case of ascending andde- 
•eending boats, nor under ail circumstanees. When a deseending boat enten a 
lock, the bottom of which is of the same height as that of the lower level, ik forces 
' back into the part of the higher level, behind it, a quantity of water equal in bulk 

to the immersed part of the boat : and the gatea being closed behind it, it is only 
the remaiAder of the water which had entered, that passes to the lower level ; and 
this remainin^ part will be so much the less, as the boat is lareer and more beavily 
laden, and as its form corresponds more nearly to that of the lock. An aticending 
boat, on entering the lock, forces into the part of the lower level, behind it, a por- 
tion of water equal to the immersed part of the boat ; and the gâtes being closed 
behind it, a quantity of water is required to pass into the lock from the upper level. 
equal to the capacity of thàt part of the lock, sitnated between the upper ana 
lower levais, diminished by the bulk of the immersed part of the boat ; and tfaia 
last being the quantity forced out by the boat on «ntering. it is évident, that with 
i^. a given lock, the siime quantity of water will be required, by ail descriptions of as- 

i eendingboats. It fbllows, moreover, from what l^A^|^a'i«d, that more ttme and 

I irater ave exponded in ascending. than in descenf^^^Ho that in descendins. tha 

largor and more beavily laden the boat, and the mor^WMR^its adaptatiop to the lock, 
the less the expenditure. The foregoing considérations would oé useAil for regu- 
lating the beights, and çonsequently ^e humber of loclts, tite forms ai their 1m»«- 
toms and ends, and .the relative tonnage, on ascending and deseending, large and 
small, and loaded and empty boats. This is not the place for inore minute dé- 
tails. — Am. Ed. 
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It û therelbre oftea better, where it oan be accotniAiBhed, to 
eany the canal throagh a circuitous course, than to take a 
shorter route with a greater number of locks. 

Owinff to the smaU «juantity of friction which ezists between 
the parttcles of a Uquid and a solid, the slightest inclination in 
the chaanel is sufficient to cause the water to âow. In a 
fltraight and smooth channel a descent of one Ibot in about 
ibur miles will cause the stream to flow at the rate of three 
mtles an hour. The average slope of the principal rivers of 
the world is, however, greater than this. 

(43.) It is necessajy at ail thnes to know the level of the 
water in the boiler of a steam en^e ; but that being a close 
Tossél f<Hined of métal, it is impossible by any extemâ indica- 
tion to pexteive tJie water within. A glass tube, A fi, fi^. 33., 

-F%". 38. 




is inserted in the side of the boiler; one end, A, passes into 
the boiler near the top, and the other end, B, near the bottom. 
The water in this tube must always stand at the same level 
with the water of the boiler ; and the tube being of glass, this 
leyel may always be observed. The indication of the tube 
wottld not in this case be correct, if the upper end A were not 
inserted in the boiler, but left open to the atmosphère. The 
surface of the water in the boiler is subject to the pressure of 
the steam, which is there confined ; and in order that the sur- 
face of the water in the tube should hâve the same level, it 
must be subject to the samç pressure. This will necessanly 
be the case, if the top of the tube communicate with the steam 
by being inserted in the boiler at A, 

(44.) The method of supplying water for towns dépends on 
ihe property of maintaining its leyel ; a réservoir is selected m 
sorae situation more eleyated than those places to which the 
water is to be suppUed. This réservoir is fed either from nat- 
ural sources or by mechanical power. Pipes are conducted 
from it, usually under ground, through ail parts .of the town ; 
and from the main pipes smaller ones ramify, and pass into 
each house. Thèse pipes may be carried in any direction 
which may be désirable, and altemately up and down the steep- 
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est hills, and to tbe to]» of the highest hoiues, providiog thaï 
the levèl of the water in tbe reseiroir te above the higfaeat 
points to which the pipes are cairied. 

By auch means a constant and abondant wnppiy of water for 
domestic purpoaea may be introduced tnto Âe npperapait- 
nents, and when used may be carried off by waste pipea. 

Ignorance of this princi^de, by which liquida retum to their 
lerel^ is shown in the construction of aqueduota hj tiie aacientr 
for aupplyin; water to towns. If it were reqi^aite to conduet 
water across a valley, a bridf^e was eonstructed on arches, eup* 
porting a canal through which the water was carried. A pipe 
eonducted under ground àcroas the valley would haye serred 
the same end, with far less expense ; for the water would liae 
as high in the pipe on the one aide as it had deacended on thar 
other. 

(45.) Taken in a loose popular sensé, the term '^level" îb 
easily comprehended ; it is necessary bere, however, to explain 
its import more exactlv. The figure of the earth is that of a 
globe, or nearly so ; there are inequalities on its surface, but 
Qiey are so insignificant, that, when compared with its own 
magnitude, the most enormoos mountains resemble impercepti- 
ble particles of dust, resting on those glohes which are used to 
represent the earth, and on which its natural and political di- 
visions are depicted. Thèse inequalities, small as they are, 
cease to exist on the surface of the waters when they are not 
agitated by wind. They présent, in that case, a surfkce 
imiformly curved, and which, if continuèd in every direction 
without mterruption, would assume that figure which is ascribed 
to tibe eaith. If a Une be drawn from w centre of the eaith 
to any part of this surface, that line will represent the direction 
in wMoh the attraction of gravity acts. It will be the direction 

Fig. 95. in which -a plumb-line will hang when at rest ; and 
.., the surfkce of the earth, such as it bas been just 
^^\ described, will be every where perpendicular to 
iV'linea thus drawn.* Beiow and above the actual 
'/' j surface of the earth, othej^ concentiical surfiices 
y// may be conceived, as represented in^. 33. by the 
-''' dotted circles« Each of thèse surfaces will enjoy 

* Tbe direetion of the plomb-Iine ii ererj where peipendleolsr to the aorfitceof 
tranqail waten. A Une, peipeadicalar to thia aaiikoe, m called the yertical. 
The vertical is not dlrecteo tothe centre of the earth, ezcept at the equator and 
polef. In other phieea, it eould net eoincide with <ihe line drawn from the centre 
to the iurface, unless the earth were a perfect riobe, or apbere, The aetual de-^ 
viation of the earth from this form, is not chieny owing to its mountaine, tbe e^ 
feet |of which oiight be hère neglected, but to its oblateness, or its being flattened 
at the pôles, and protaberant at the e<ioator. Many instances oceur â the text 
of this Tolnme, where seientific précision wonld require tèe vse of ** rertioal," 
instead of ** perpendicular," which bas been employed, to avoid the fréquent ose 
offt more teehnieal tenu.— Am. Bo. 
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thé same p^operties as ha^^ been alreadf aâûrfbed tô th6 «or- 
face of thê earfh. Each of them wiU be ei^érf wJïere perpen<- 
dicular to straight lines diverging frolfl ihe centire^ afid will b^ 
every where equally distant firom that point. 

Ëvery part of each of thèse coiicentnCal surfaces is said to 
form the " same level ;" and one level is said to be ** above" or 
** below" another level, according as it is more or less distant 
from the centre.* 

When a liquid mass place d upon the earth is quiescent, eve- 
ry part of its surface settles itself in the same level, and ail 
parts which are disposed in any other level under its surface 
are subject to the same pressure ; thaï pressure being great 
in proportion to the depth of the level in question below the 
surface. 

(46.) NotwithstandiBg the globular form of the earth, a sheet 
of water on a calm day appears to exhibit a plane surface, no 
curvature whatever being perc,eivable. The cause of tbis is 
easiîy ^covered ift ûtè smalt prdpbrfâoti i/^hich MucH à surftLcè 
bears to the whole eatth. Let trà sUi)pôstl &, ciifeUlàf liike of 
four miles in diameter, ftnd ConceiVé a straight line to be drawn, 
or a cord stretched across it, between two opposite points. By 
reason of Jhe curvature of the surface, this cord would be under 
the water towards the middle, if it only touched the water ut 
the extremities ; and its depth would be greatest at tha centre 
of the lake. Nevértheless, in the case we hav;e supposed, its 
depth at that point would only be T5| inches ; the cunrature, 
therefore, in a circuit of two miles round a given point, will not 
raise that point 16 inches above the plane surface, passing 
throu^^h the extrême points of the circuit. 

It is not wonderful, then, if fluid surfaces of small extent 
appear to be, and practically speaking really été, plane, the de- 
gree of curvature being insignificant. Any plane surface of a 
smàll extent is, then, said to be level, when it is parallel to the 
surface of a liquid which is quiescent ; and ail particles of a 
liquid which are disposed in the same plane, parallel to its sur- 
face, are said to be in the same level. 

Although, as we hâve just stated, the curvature of the surface 
of a liquid be very small, yeti if that surface bave sufficient ex- 
tent, the curvature may be ascertained by observation. When 
a distant vessel fîrst comes within sight at sea, the point of the 
mast only is perceived'; as it approaches the ma^t graduallj 
rises ; aoîd laât of ail appears the hulk, which, from its magm- 
tude, would bc the first seen, if the swelling curve of the sur- 
.face of the sea had not obstructed the view of it. 

(47.) The law, by which ail parts of , the surface of the same 

' * The coneentrical Borfoeaa are expretsei in Freneh autlion by the tem 
** couches de niveau." 
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lùpûd rest in the Bame level, will Bot be vit^ited if one li^iil 
b« pUced opon uiother, or eveu if a aeriea of liquiâs wete 
fdikced one aiMve uiother. If a glssa vewel, Jig. 3L, be putly 



filled with vBter, W, and on the water, oU, 0, be poured, the 
■urface of the 'w«ter wiU continue to be level, beuing the oil 
upon it Âgnin, if another llquid, as ether, E, be ponred upon 
toe oil, the Burface af the oil on nhich the ether reste will con- 
tinue to be level ; and so on. In thèse caaea, howerer, the 
pressiire of the liquida on any atiatmn is not proportional to the 
depth of the atratum. The pressure at any level is equal to the 
weighf of the iucumbent colunin of liquid. But that column 
ia not, aa in the casea formerly conaidered, composed of the 
eame liquid, and, therefore, it is not true that an; part of the 
column haa a proportional weighL 

The varioua appeaiancee produced in omamental water- 
works are the eflêcta of pressure trananiitted through pipes 
Irom a head ofawoter, considerably raised above the onficea 
fium whicb the water is required to be projected. The foim 
and direction of tbese orifices détermine the figu^ «ln<;b the 
jet or fouQtain will assume ; and the height of the water trana- 
mitting the pressure will detennine the altitude to which the 
water of the fountaia will be projected. 

(48.| Inatrumenta for levdmg or determining the direction' 
or position of horizontal Unes, or the relation between the lev- 
ela in which diSerent objecta ace plàced, are constructed bv 
means of the property by which liquida maintain their le?eL 
Let A,Sg. 35^ be a straight glaas tube, having two other glaea 
tubea, B and C, united with it at right angles, Let the tube A, 
and a part of eacb teg B and C, be filled with a liquid, the leca 
B and C being preaented upwarda. On the aurfaces a b of tne 
liquid in the lega, let floata be placed, corrying upright wirea, to 
the enda of wMch are attached aighta, S T, coneisting of two 
fine threada or bain etretched at right anglea acroea & aquoie : 
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Fig.96, 




thèse sights are placed at right angles to the length of the ia- 
Btrument, and a nront vîew of them is represented at S' T'; and 
they should be so adjusted that the points where tiie hairs in- 
tersect shall be at equal heights above the floats. This ad- 
justment may be made in the foUowing manner : — 

Let the eye be placed behind one of the sights, looidng 
through it at the other, so as to màke the points where the hairs 
intersect cover each other, and let some distant object covered 
by this point be observed. Let the instrument be now revers- 
ed, and let the points of intersection of the hairs be viewed in 
the same way, so as to cover each other. If they are observed 
to cover the same distant point as before, the^ wiU be equal 
heights above the surfaces of the liquid. But if the same dis- 
tant point be not observed in the direction of thèse points, then 
one or the other of the siffhts must be raised or lowered, by an 
adjustment provided for that purpose, until the points of inter- 
section be broughtintb that direction^ Thèse points will then 
be properly adjusted, and the line passing through them will be 
truly horizontal, AU points seen in the direction of the sighti 
will then be in the level of the instrument. 

The principles on which this adjustment dépends are easily 
explained : if the intersection of the hairs be at the same dis- 
tance from the âoats, the line joining those intersections will 
^evidently be parallel to the Unes joining the surfaces a b of the 
liquid, and wÛl, therefore, be level. But if one of thèse points 
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be more distant from the floats than the other, the line joimng 
the intersections will point i^waids if viewed from the lower 
sight, and downwards if viewed from the higher one. On re- 
▼ersing the instrument this line must take a différent direction, 
and therefore will not be presented to the same bbject. 

The accuraey of fhe resolts given by this instrument may be 
increased to any extent, by lengtiiening the tabe A. 

(49.) Anothpr instrument for leveling is known by the name 
of the spirU lèvd : it consists of a cylindrical glass tube filled 
with spuits of wine, except a small space whicn is occupied by 
air^ the ends are hermeticaUy sealed, to preventtlie.escape of 
the fluid. In whatever position the tube be placed, the liquid 
will always tend to the lowest part of it ; if ei&er end be raised 
above the other, at that extienûty wiU the bubl^e of air be fonnd, 
the liquid having retired to the other^ If the extremities be at 
the same level, the bubble of air will settle at the highestinter- 
mediate point The tube is not strictly straiffht, but ïb slightly 
curved, Uie convexity being presented upwaras. Whatever be 
the position of the tube, the air bubble will rest at the hig^hest 
point of the curve ; and if the extremities be at the same hei^ht, 
this will be the midcBe point The tube in a horizontal position, 
with the air bubble resting in the centre, is represented in 

fig.m. 

Fig. 36. 





The method of mountin^ the level for the purpose of fixing 
a plane in a horizontal position, is commonly to fix the tube in 
a block of wood, or in a case of brass, A B,^. 37. The block 
is fixed in such a position, that when the lowest surface, D £, 
is horizontal, the bubble wiU stand in the centre between two 
lines, a and 6, eut upon the tube. The instrument may be ad- 
justed by the foUowing method : — Let a plane surface be eon- 
atraated as nearly horizontal as possible, and let the surface 
D E be placed upon it Let the tube be fixed into the block in 
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8uch a manner that the bubble will staad between the wires a 
and b ; this being accomplished^ let the instrument be now re- 
yersed, the extremities D and £ exchanging places. If the 
bubble stand still in the mi^dlei» it proves the instrument to be 
correct; if not, the endtowards which it retires is the higher 
extremity. The bubble must then be brought back to the cen- 
tre, païUy by lowerinff the extremity of the tube toward which 
ît moves, and partly by adjustin^ ue plane surface on which 
the instrument îs placed. The mstrument must now be once 
more rëVersed, and the 8«me process repeated^ until the change 
6f position of the instrument no longer déranges, the position 
of the bubble. 

The principle on which this adjustment dépends, is that the 
bubble will fix itself at the highest point of the tube, and that a 
horiaontal line is at right angles to a vertical one. When by 
E^justing the tube the bubble is fixed in the centre of the wires 
a and 1^ let us suppose a vertical line, c dj drawn from the cen- 
tee ofthe bubble to meet the base, D £, of the instrument If 
D £ be perpendic^ar to c (2, it is apparent that reversing the 
instrument will make no change in the position of the line 
c dj and that the point c will still continue to be the place 
of • the bubble. But in this case D £ being perpendicular to a 
ViBrtical line must be horizontal. If, however, D £ be not per- 
jiendicular to c ci, one of the angles, suppose c c? D, will be 
«cute, and the other, c c? £, obtuse ; and, therefore, the point D 
wUl be more elevated than the point £. On reversing the in- 
strument, £ will ti^e the more elevated, and D the less elevat- 
ed position. The middle point, c, will no longer be the highest 
jpoint of the tube, and accordingly the bubble will retire from it 
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CHAP. V. 

OF TRS IMMEBBION OF SOLIDS IN LiaCIDS.' 

1 ■ i 

TO DBTSRMIIIE THE EXACT MAGNITUDE OF AN IRREG^LAR SOLID.— 
WHEN SOLUBLE IN THE LIQUID.— WHEN PORÔUS.— EFFECT ON THE 
APPARENT WEIGÙT' OF THE LIQUID. — EFFECT ON THE APPARENT 
"WEIGHT OF THE SOLID.—- THE REAL WEIOHT OF THE SOLID AHD 
LIQUID NOT CHAN6BD BT IMMERS^ON.-*«AUSE OF THE APPARENT 
CHANGE. — ^WHEN A BODT 18 SUSPENDED. — FLOATING BODIES.^— 
THESE PROPERTIES DEDUCED FROM THE FUNDAMENTAL PRiNCIPXES 
OF HTDROSTATICS. — THE SAME SOLID SINKS IN SOME LIQ[tJlD8 AND 
RISES IN OTHERS. — BUOTANCT,— ITS EFFECTS IN SUBMA^INEOREHA- 
TIONS. — IT9 EFFECTS PERCEIVABLE IN BATHING.--BOAT8 MAX BX 
FORMED OF ANY MATERIAL, HOWEFE^ HEATT. — AN IRON BOAT, 
WHICH CANNOT SINK.— METHOD OF PREYENTING SHIPS FROM FOtTN- 
DERINCf— EFFECTS OF THE CARGO. — ^BALL COCX, AND OTHER FLOAT- 
ING REGULATORS. — MEANS OF RAISING WEIGHTS FROM THE BOTTOU 
OF THE SjEA.^-MI^TâOD OF LIFTING YESSELS OYXR 8HOAL9.T— LIFS- 
• PHESERTERS.-^SWIMMING.— 'WATER FO-WL.— FISH.— WHY A DROWN- 
SD BODY FLOATS. — ^PHILOSOPHICAL TOT. — WHY ICE FLOATS.— ROCKS 
RAÎSED TO THE SURFACE BY ICE. 

(50.) To ascertain by direct measurement the volume <yr size of 
a solid body is a problem of considérable practical difficulty, ez- 
cept in cases where the body bas some regùlar sbape or figure^ 
thus, for example, if it were required to détermine tàe exact 
number of solid inches and parts of a solid inch in a roagh lump 
of minerai ore, the surfaces of which présent nùmerous and it^ 
regular projections and cavities, science would in vain f\zrniflli 
rules for c&dculating the volume of bodies bounded by surfaces 
of given figures and magnitudes, and meeting under ffiven an- 
gles. The exact practical solution of the problèm by direct 
gcometrical measurement is impossible. 

Bodies in the liquid form do not présent the same difficultés ; 
their peculiar quaÛties cause them to adapt themselves with 
facility to any foi^, and, without undergoing any change of 
magnitude, to take the figure of any vessel in which they are 
placed. Thus, if it be required to ascertain the number of cubic 
inches in a mass of liquid, let a perpendicular vessel be taken, 
the base of whith is eqnal to a cubic inch, and let the liquid be 
poured into this vessel ; so much of the liquid as fills a part of 
this vessel one inch in height bas the magnitude of one cubic 
inch ; so much as fills it to the height of an inch and a half has 
the magnitude of a cubic inch and a half ; and so on for other 
heights. 

This great &cility which the measurement of liquids présents, 
and the difficulty, on the other hand, which attends the measure- 



i 



CHAP. ¥• 



HBAfiUREMENT OF 80LIDS. 



59 



meut ôfsolidd, are the ciuiAes wby the qaantil^ of bodîes in the 
Jiquid foim is usually expressed by their measure, while the 
quioitity in the solia fonn is conunonly expressed by their 
weight: thus, if we epeak of a liquid, we say it is so many 
bogsheads, gallons, quarts, dz.c. ; on the other hand, speaking 
of a solid, we say it is so many tons, hundreds, pounds, &c. 

(51.) The same property which renderè the volume of a liquid 
-easily determined, also points it out as the means of determin- 
ing the dimensions of a solid. As a liquid will adapt itself to 
the shape of the vessel which contains it, filling every part of 
that vessel below its own level, it will in like manner adapt it^ 
self to the figure of any solid which may be immersed in it; so 
that if the liquid were hardened and solidified, and the solid 
withdrawn, an. exact mould of the soHd would be exhibited by 
the hardened liquid. Such, in fact, is the method by which au 
moulds are made. A body naturally solid is liquened by ex- 
4¥)9ure to beat, or by moisture, or by other means. The solid, 
the shape of which is to be taken, is then immersed in it, and 
the liquid is hardened either by coolin^, or dryii^g, or otherwise. 
The body is then withdrawn, leaving ita form impressed on the 
substance in which it was immersed. 

When a solid is thus immersed in a liquid, it displaces a quan- 
tity of that liquid equal in size to that part of the solid which is 
immersed, If^ therefore, the bulk of the liquid thus displaced 
could be ascertained, the magnitude of the part of the body im- 
mersed would be determined. 

I 

Fig, 38. 




This is easily' accomplished. Let ABC Dyjlg. 98., be a 
vessel containing a liqmd, which we will suppose, in the fini 
instance, stands at a level, E F ; we shall suppose also, for the 
présent, that the vessel bas perpendicular sides : let a solid, S, 
whose dimensions are to be ascertained, be now phinged in the 
li<)uid. The space which the solid occupies below the surface 
of the liquid havinff been previously filled with liquid, the liquid 
which so fiUed it, being now exduded, most find room else- 
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where. By jrieldmg iti place to tfae solid, it will itflelf displaoe 
the aâjftcent particles of liquid, and a gênerai change of position 
will taie place in the whole mass. The sinface E F wili rise 
to tiie level W P'. The «pace between E F and E' W mnst ev- 
idently be equal to the dimensions of the solid S, because it is 
the increased spece which the liquid occnpies, owiag to the 
-eicclusion pf part of it from the space noir occnpied by the solid. 
In fâct, we may consider that portion of the liquid which pre- 
viously occupied the space S to be removecl to the space be- 
tween the levels E F and E' P. Thus, by means at once 
simple and easy, we hâve obtained a body E F P EX, of a régu- 
lai shape and easily measured, which we are infallibly certain 
is equià in magnitude to the irregular solid S, the dimensions 
of which we would in vain attempt to détermine by the nicest 
instrumental measurement, guided by the stiictest mathemati- 
çal rules. 

If we conceive the vessel A B C D to be of glass, and divis^ 
ions marked on its exterior surface by parallel Unes fiom the 
bottom to the top, as represented in the figure, the interval be- 
tween each division may correspond to any given magnitude, 
as a cubic inch of liquid. The whole quantity of liquid in such 
a vessel will be expressed by the number which marks the di- 
vision, and the fraction of a division, at which its snrihce stands, 
Thus if the level of the liquid in the vessel stand at one third 
of the division above that marked 5, the total quantity of liquid 
in the vessel will be 5i cubic inches. Let os suppose liquid be 
poured in until the surface rises to the sixth division : let it be 
now required to détermine the magnitude of an irregular lump 
of ore. Plunge it in the liquid, in which it will sink by its su- 
perior weight, and observe the division to which the surfiice bas 
risen. * Suppose this to be one fourth of a division above the 
eighth. It appears, then, that the pièce of ore bas displaced as 
much liquid as would raise the level two and a quarter divis- 
ions ; and, therefore, its magnitude is two and a quarter cubic 
inches. 

We bave hère supposed that we possess a vessel previously 
graduated, so that each division shall correspond to a given 
quantity of liquid. The same property which suggests the use 
of such a vessel also suggests the method of graduating it. Let 
a solid be formed into &e exact shape and size of a cubic inch, 
mnd some liquid having been poured into the vessel suffîcient 
for the total iaunersion of the solid, let a line be drawn on the 
vessel, maridng the place of its surface ; the solid being then 
immersed, let another line be drawn, marking the place to 
which the surfiice of the liquid bas risen. The interval. be- 
tween tiiese two lines will then be a division which corroE^nds 
to a cnbic inch of the liquid. If the sides of the vessel be troly 
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perpendicular, and its inner surface subject to no inequalities, 
notliing more will now be necessary than to draw a line upon 
ihe vessel from top to bottom, and to di\^de it into parts equal 
to the space we hâve just obtained ; each division will thcn 
correspond to a cubic inch of the liquid : the divisions may evi- 
dently be subdivided into fractional parts to any extentthatmay 
bé required. 

If, nowever, the sides of the vessel be not perpendicular, or 
being so, if, as will inevitably happen, they be subject to ine- 
qualities more or less in amount according to the accuracy with 
which the vessel is made, then the method of division which we 
hâve just adopted will not give true results. It is only where 
the sides of the^ vessel are uniform Irom top to bottom, that 
equal divisions will correspond to equal quantities of Ûie Uquid. 
If one part be wider or narrower than another, an equal length 
of that part will contain more or less liquid than the other ; and 
as our object is to divide into equal parts the liquid, and not the 
height of the vessel, it will follow that the degrees must be 
smaller where the vessel is wider, and vice versa. Besides the 
inequalities incident to vessels intended to be straight, it does 
not always happen th&t such a vessel is convenient for use. 
The graduated vessels used by apothecaries and others, who 
hâve occasion for exact liquid measures, are more frequently 
of the tapering form of a wine-glass ; the divisions on the sides 
of such vessels will be wider' near the bottom, and narrower 
near the top. Such a vessel may be graduated by repeatedly 
plungingf iiito it the same solid, and marking the changes of 
lèvel which it produces, filling the vessel with liquid to the new 
division - each time the solid is withdrawn : or it may be effect- 
ed by continually pouring into it a previously ascertained meas- 
ure of liquid, and marking the successive changes of level. 

The eSects of immersion not only measure the total dimen- 
sions of a solid, but aiso détermine any required part of it If 
the solid be only partially immersed, that part which is below 
the surface t>f the liquid, displacing a portion of the liquid equal 
to its own bulk, will cause tbe surface of the liquid to rise, and 
the space through which it rises will indioate the magnitude of 
the part of the solid which is immçrsed* 

A solid body ma^ thus be easily divided into two or more 
parts having any given proportion to each other. Suppose it 
be required to divide a solid into two equal parts, Let the solid 
be totally immersed in a liquid, and observe the height to which 
the surface of the liquid rises. Let the solid be now withdrawn 
from the liquid, and let it again be partially immersed undl the 
surface rise through balf the fbrmer space ; the liqujd displaced 
will then be hajf Se quantity which waa displaced by the total 
immersion of the solicu therefore the part now immersed must 

6 
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be half the magnitode of the whole. If a Hne be marked on 
the 9oUd at the points wherq the surface of the water meets it, 
a division xjdade^through this line will divide the solid into two 
equal paxts« In the same manner, if it were required to eut off 
a fifth part of the entire magnitude, it wûl be only necessaiy 
to immerse it, until the surface of the water nse in tEe vessel, 
through a space equal to the fiflh part 4>f the space through 
which it would be raised by the total immersion. It is évident 
that a similar process would enable us to eut off any required 
part of the bodv ; and a répétition of the process applied to the 
remainder of the body would enable us to eut it into any num- 
ber of parts, equal or unequal, or bearing any required propor« 
tion to each other. 

There are circumstanees which occasionally impede the 
practieal use of the method of measuring a solid by immersion. 
Thus, for example, if the solid be soluble in the liquid, the 
method fails. In this case, however, some other liquid may 
^enerally be seleeted, in which the solid is not soluble. Again, 
if the body be of such an open-or porous texture as to allow the 
liquid to penetrate its dimensions, the method evidentlv fails. 
because the solid. does not displaee a quantity of the liquid equal 
to its magnitude. The liquid which enters the pores still oecu- 
pies its former place ; and the portion displaced is,in fact, only 
the différence between a quantity of liquid equal in bulk to the 
body, and the quantity which the body absorbs. If the absorp- 
tion of the liquid do not affect the dimensions of th^ solid, the 
method may still be applied by saturating the solid previously 
to the experiment being tried. 

From what has been stated it foUows, that if a solid b.e plung- 
ed into a vessel filled with a liquid, as much of the liquid wul 
overflow as is equal to the magnitude of the solid immersed. 
And a vessel which is only partially filled, will become brimful 
by the immersion of a solid, whose magmtude is, equal to the 
part unfilled. Thus a teacup, which is filled to the brim with 
tea, will overflow when sugar is put in ; and a bath should 
ncver be filled beyond such a height as will allow an unfilled 
space equal to the aggregate magnitude of the bodies of the 
bathers. 

(52.) We hâve seen the eôect which the immersion of a solid 
produces upon the volume of a liquid. This effect is sometimes 
expressed by stating that the volume of tlie liquid receives an 
increase equal to the volume of the solid ; by this, however, it 
is not meant that the absolute dimensions or measure of the 
liquid are increased, but merely that the. apparent dimension» 
ineluded within thq extemal boundaries of the liquid are aug- 
mented bv the magnitude of the solid. In fact, the contents of 
the vessel in this case arc the liquid andthe scdid together ; but 
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tiie ^id being sarrounded with the liqmd, tfae dimensioii» of 
tile liquid are estimated by its exterîor sur&ees^ in the same 
maaner as the dimensions of a rock would be estimated by its 
extemal limits, e^en thongh it shonld contain witinn it a eayity 
filled by any other substance. 

We shall now consider what effect is prodaced upon the ap* 
parent weight of a Ixqmà by the immersion of a solid. Let 
A ^ifig* 39., be a vessk contaifiing a li<|uid, placed in the dish 




D of a balance fj F, and counterpoised by weigfats in the oppo- 
site dish G. The weights in G will then be equalto the weight 
of the vessel A B, and the weight df the liquid it contains. Let 
a solid, S, heavy enough to sink in die liquid, be now suspended 
by a horse hair, or fine thread, firom an ann C, and let the arm 
G be so placed as to aJlow the solid S to sink into the liquid 
untii it is totally immersed, but so that it shaH not touch thé 
bottom of the vessel. It will be observed that the dish D will 
immediately preponderàte, the weights in G béing no longer 
sufficient to counterpoise the weight in the opposite dish D. 
Hence we infer at once, that as the apparent dimensions of the 
liquid trere increased by the immersion of the solid, so aiso is 
the apparent wei^t of the liquid âugijaented. But the amount 
of tbis incrément of weight ifr stiU to be fbund. 

Let additional weights be plaoed in the dish G until equilib- 
rium be restored : tfiï amount of thèse weights will express 
the increase which the apparent weight of the liquid receives 
from the immersion of the solid. Let thèse additional weights 
be jaow removed, and let the solid S be also removed from the 
vessel A B. The balance will then again be an equilibrium. 
The height to which the surfeuse of the liquid in the vessel A B 
was raised by the immersion of the solid S havîngbeen observ- 
ed, let so much more liquid be poured into the vessel A B as 
will raise the sur^e to that* point. ' This quailtity, according 
to what bas aiready been explained, is equal in bulk to the 
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8olid S ; and by the weight of this quantity tbe dish D willnow 
preponderate. Let the weights wluch restored the equilibrium 
wben the solid was fonnerly immersed be now again placed in 
the dish G, and equilibrium wiU be once more restored* It 
therefore foUows, that the increase which the apparent weigtit 
of thç ]iquid receives from the immersion of a soUd is equal to 
the wei^ht of the portion of liquid which the solid displaees. 

As this is a principle of the highest importance in aie theory 
of fluids, and indeed in physical science generally, it may not 
be useless hère to présent its ezperimentel illustration under 
another point of view. Let A B and A' W, fig, 40., be two 

Fig. 40, 




similar and equal glass vessels of equal weight, and let thera 
be filled to the same level L and L/, with water, and placed in 
the dishes of a balance. Bein^ of equal weight, they will then 
be in equilibrium, Let a solid S, suspended as in tHe former 
case, be immersed in A B. The dish D will preponderate ; and 
the level L will rise to Z. Let water be now poured in A' B', 
until the equilibrium be restored. It will be found that the 
level of the water in A' B' has been raised througb the same 
space by the additional water necessaiy to restore the equilib- 
rium, as Uie level of the water in A B has been raised by the 
immersion of the solid. The conclusion is évident The im- 
mersion of the solid gives to the vessel an increase of weight 
equal to that which it would reçoive from the addition of so 
much water as the solid displaces. 

(53.) We hâve hère supposed the immersion of the solid to 
be total ; and, consequenUy, the weight imparted to the liquid 
is that of a portion of the liquid itself equal to the whole bulk of 
the solid. But the same e;speriments wUl give similar results, 
if the solid be only pàrtially unmersed. Still the weight which 
the liquid will receive, will be equal to the weight of that por- 
tion of it which will be displaced by the part of the solid immers- 
ed. It will not be necessaiy hère tç» repeat the expérimental 
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process by which this is verified ; it is the same, in aJl respectSf 
as bas been already explained with référence to total unmersion. 

The manner in which the immersion of the solid haa been 
described in the preceding expérimenta, by suspendinc^ it from 
the arm C by a thread or hair, requires that the solid should be 
one which, by its weight alone, will sink in the liquid. The 
conclusions at which we hâve arrived are not, however, limited 
to such bodies. If, therefore, the solid to be immersed be one 
so light that it would float on the liquid, its immersion must be 
produced by a différent means ; it must be pressed into the 
liquid by a rigid inflejdble wire, or some other means. When 
this is accomplished, however, ail the résulta are conformable 
to what has been already explained* 

From ail which has been stated, we may, therefore, infer that 
the immersion pf any solid, whether total or partial, increases 
both the apparent bulk and the apparent weight of the liquid ; 
and that it increases both exactly in that degree in which they 
would be increased by the addition of so much of the same liquid 
as is equal in magnitude to the immersed solid. 

(54.\ The weight both of the liquid and the solid immersed 
in it, aepends on the attraction which the earth exerts on their 
particles ; and, therefore, so long as the màss of the liquid and 
the mass of the solid remain unaltered, their weights in the 
same place must be immutable. It follows, therefore, that the 
increase of weight which the vessel reçoives from the immer- 
sion of the solid cannot proceed from any increase of weight in 
either the vessel or the liquid, nor can it proceedr from any in- 
crease or diminution in the weight of the solid immersed ; the 
mère fact of immersion can cause no change in the amount of 
thèse weights. 

It is natural, therefore, to inquire whence the increase of 
weight which the vessel reçoives by the immersion of the solid 
proceeds. We hâve seen that the actual weight of the water 
contained in the vessel remains unaltered, wbile its apparent 
weiffht is increased. We know that the actual weight of the 
solid cannot be altered; but it is stilL to be seen how its ap- 
parent weight is affected. Let us suppose the solid immersed 
to be heavier than water, and let it be suspended from the arm 
of a balance, as represented in^. 41., and counterpoised. Let 
it then be immersed in the liquid contained in the vessel, as rep- 
resented in the fispire. Immediately the equilibrium will be 
destroyed ; the dish G will préponderate, and the arm £ will 
rise : it therefore appears that by immersion the apparent weight 
of the solid is diminished. Let us noiv inquire the amount of 
this diminution. Rëmove from the dish G such a quantity of 
weight as will restore the equilibrium, so that the dish G will 
no longer préponderate, but wÛl exactly counterpoise the weight 
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SQSpeBded ftom £. The weight thus removed is the ajnoa&t 
b3F which the apparent weight of the solid is diminished by im- 
mernon. Let the quantity of the liquid be obtained by mefuis 




of a balance, the weight of which is equal to the wei^t remov- 
ed from the dish G. Let the level at which the liquid stands 
in the vessel A B be marked on its side, and let the solid be 
then pemoved from it ; the surface of the liquid will immédiate- 
ly fall, leaving a space between its former and présent level 
equal to the magnitude of the solid. Let the liquid, whose 
weight was ascertained to be that which was lost by the ^par- 
ent weight of the soïid, be now poured into the vessel A B, the 
sur&ce will rise to the point at which it stood when the solid 
was immersed. , 

Hehce it must be évident, 

1. That by the process of immersion, while the af^arent 
weight of the liquid is increased, the apparent weight of the 
solid is diminished ; 

fL That the increase which the apparent weight of the liquid 
reçoives is exactly equal to the diminution of the apparent 
weight of the solid ; and, 

3. That the amount of this incrément of the one apparent 
weight, and décrément of the other, is the weight of a portion 
of the liquid whose magnitude is equal to the magnitude of the 
solid. 

If we pursue thèse conclusions into their consecfuences, we 
shall obtain some remarkable results. Suppose it should so 
happen, that the body selected for inmiersion is one whose 
weight is equal to the weight of its own bulk of the liquid ; by 
the principles just established it will lose by immersion its whole 
weijpht ; and, consequently, when immersed, if it were suspend-' 
ed from the arm of a balance, it would weigh nothing ; that is, 
the thread which connecta it with the arm would be stretched 
by no force, and the body would hâve no tendency to descend : 
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and, accordingly, we ûnà this to be actnally the case. Let à 
hollow brass bail be provided, with a means of enclosing fine 
sand withîn rt ; by this means let the weight of th^ bail be so" ad- 
justed as to be equal to that of rts own bnîk of water, and let it be 
thrown into a vessel of that liquid. It will be found that it will 
remain suspended indiflferently in any position, provided it be 
totally immersed. If it be place d at the bottôm, there it will 
remain ; if it be placed any Where between the surface and thé 
bot^m, it will also remain snspendéd tiiere ; if it be placed at 
the surface, but so that no paît shall be above it, there it wiU 
afeo' remain. 

There isà anotHer remarkable conséquence obviously cbllécted 
fh>m' what ha^ been proved. If the solid immersed in a liquid 
bave less weight than its own bulk of the liquid, it would fol- 
low, by total immersion^ it loses moré Ûian its own weig^j a 
Conséquence not as absurd as it mety at Ôrst seem to be. When 
a body, by immersion, loses less tiian its whole weight, it bas a 
tendericy to descend with what remains. When a body loses 
exactly its whole weight, the effect of its gravity is neutralized, 
and it loses ail tendency to move, as in the example just pro- 
duced. But when the coD£iequefQces would justify us m affirm- 
ing that it loses more than its entire weight, the efiect is man- 
ifested nôt merely by the body losins^ bS tendency to sink, not 
merely by lying passively in the liquic^ but by exhibiting a posi- 
tive tendency to rise ; by acquirin^ in fact, a quality me very 
reverse of weight. Those who hâve been used to the significa- 
tion of négative signs in algebra will perceive the tendency of 
this reasoning, and will find in it the illustration of the true 
meaning of such symbols. For those who are not conversant 
with the éléments of mathématics, it is hoped that enou^h bas 
been said to elucidate the utility of extending the application 
of a theorem, b^ ffiving a greater latitude to the signification of 
tShe terms in whicli it is expressed. 

The phenomena of floating bodies aite vérifications oF the in- 
ference which bas jnstbeen titaèe. JÉj^lfce hoÏÏow brass baÛ, 
already alluded to, be so loaded that it shall be lighter by any 
proposed weight than its own bulk of woter ; let it then be im- 
mersed in a vessel of that liquid, and placed below the surface. 
It will be found that the bail will not remain there, but will 
ascend to the surfiuïe, on which it will fioat. To keep it below 
the water, a certain force will be necessary ; and if this force 
be measured, it will be found to be equal to the excéss of the 
weight of a portion of liquid equal in oulk to the bail above the 
weight of the bail. 

^e conclusions to which we hâve airived may, thei«fore,be 
generalized as folîows : — ' 

h A solid wbo3e weight esçcéods the weight of its own bulk 
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of a liquid bas a teodency equal to such Bxceea to eink wheii im~ 
meraed in the liquid. 

2, A Bolid whoae weight is equal to the welght of its own 
bulk of liquid, wlieD iinmeraed in tbe liquid, has uo teudeucy to ' 
fiink or rise. 

3. A Bolid irhoee weight ia Ifiia than the weight of its own 
bulk of a bquîd has a tendencj' to me when immersed in that 
liquid ; which tcndencj amounts ta the exceas ofthe weight of 
a portion of the liquid equal in bulk to the solid abore the weight 
ofthe solid, 

(55.) The Teaaouing by which we hâve amved at thèse con* 
clusions has beeu founded ou the résulta of the expérimenta 
described in (52.), They niay, however, be inferred from the 
fundamental principle of Htobostatics ; viï. that fluids trans- 
mît pressure equally in ail directions. 

Let us suppose a solid, A B C D, ^. 42-, of an; proposed 
Flg. iS. 



fiB:ure,as that of acubic inch, immersed in a liquid, the surface 
of which is L M, and let U M' be the level on which the bot- 
tom B C is placed. Let the Bolid be suspended hj a fine thiead 
T, tha weight of which mày be neglected ; and let this tbread 
be camed over a grooïed wheel R, such a weight W.beingap- 
pended to it as wiU counterpoise the solid A B C D, and ieep 
it Huapended in Ihe liquid wiûiout either riaing or sinking. In 
this Btate every part of ihe level V M' muât sustain the eame 
pressure downward ; for, if anv ona paît suffered a gieater 
pressure Ihan another, the liquid below the level 1/ M' would 
transmit the greater pressure undimiuiahed in the upward direc- 
tion to the point whece the lesser pressure is sufyosed to.act ; 
and this pomt wouU move upwards, by reaaon ofthe eicess of 
the upward pressure ; but no euch effect is supposed to taie 
place, and therefore w part of tho level 1/ M' is under a greater 
preraure than another. 



CHAP. y. EFFBCTS OF IMMERSION. Gè 

t 

. Tiie bottom B C of tiie solid occupies a' square incfa of the 
level 1/ M^ Let the colanm resting on B C, of which the fiolid 
fonas a part, b^e imagined ta be contmued to Hie surâu^e. It ia . 
évident that the downward pressure excited on the. base B C 
will be equol to the weight ef the incumbent column £ B C F 
diminished by the weight of the counterpoise W. This colonui 
consists partly of the Squid £ A D F, which is above the solid, 
and partly of the solid itself. Since this dovnward pressure is 
sustained by the stratum 1/ M' at B C, it follows that every 
part of that stratum equal in ma^^tude to B C must sustain 
the same downward pressure. Take H B, equal to B C, and 
the part H B sustains a pressure arising from the weightof the 
column of liquid G H B fl, which rests upon it. The weight of 
this column must, therefore^ be equal to the weight which presses 
onBC. 

Let us suppose the column G H B £ dmded into two at I A4 
so that the part I A B H shall be equal in bulk to the solid 
A B C D, and the part I A £ G equal to the liquid £ A D F 
above the solid. Let us now compare the equal pressures 
which act on B C and B H. The former is the weight of 
£ A D F, together with the weight of the solid diminished by 
the weight of the counterpoise W. The latter is the weight 
of G I A £, together with the weight of I A B H. It appears, 
therefore, that the weight of the column £ B C F exceecLs that 
of the column G H B Ë by the weight W, But since the part 
E A D F of the first column is equal in weight to the part 
G I A £ of the second, it foUows that the weight of the solid 
A B C D exceeds th% weight of its own bulk I A B'H of the 
liquid by the weight pf the counterpoise W. 

Now, since the counterpoise W is the force which prevents 
the solid from sinking, it expresses the tendency of 4he solid to 
sink, andit therefore foUows, that this tendency is estimated by 
the excess of the weight of the solid above the weight of its 
own bulk of the liquid, according to what bas already been ex« 
p^dmentally established. 

in the preceding reasoning, the solid bas been supposed to 
exhibit a tendency to sink when immersed in the fluid, wnich ten- 
dency has been checked by the counterpoise. Let us ûow 
consider the case of a solid which remains suspended in the 
liquid without any tendency to sink or rise. In this case the 
pressure on B C, }^. 43., is the weight of the soUd, together 
with thfit of the nmd above it ; while the pressure on H B is 
equal to thé weight of the liquid I A B H, equal in bulk to the 
solid, to^rether with the weight of the liquid G I A £ equal to 
the liqmd above the solid ; since the pressure on H B and B C 
must be equal, the weights of the columns G H B £ and E B C F 
are equal. From thèse equals take away the weights of the 
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liqnid G 1 A E Nid E A D F tetpeetiytAj, and tbe lemaÎBdirH, 
wbioh u« the weif^kts of Ihe oolid ma ils own bulk of liqnid, 
wiU be equ>l. Thiu, iD.conTonaity with the ranilta of expeii~ 



'ment, it aj^ean tliot « loEd wfaich remains auspended in s 
liquid muât be equal to the weight of the Uquid vhich it di»- 

Fiiully, let tu eoosidei the case in which the solid immened 
bas a tfindeiicj to due to the surface ; euppose a fine tfaread 
attached to the bottom of the solid to be curied undei a groov- 
ed wbeol B.',Jig, 44^ vid,.beinf bionght upwaids, to be pawed 
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over another grooved wheel R, and let «ich a weight, W, be 
appeaded to it aa will check the tendency of the solid torise to 
tha surface, but not sufficient to cause it to sink. The solid 
A B C D thetefore remains suspended in the liquid. 

Accoiding to the leofloaing uaed in the former eues, it ma;- 
be inferred that the pressure on B C must be equal to the pres- 
sure on B H. The pressure en B C is equal to the weight of. 
the solid, the liquid above it, and Ihe counterpoise W. The 
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^essiire on B H is equal to the weigbi of the liquid I A B H, 
equal m buLk to the solid» together with tthe weis^ht of G E A I, 
Qqual to the weight of tl^e> liquid abovQ the solio. From theset 
equals take away GEAI and E F D A, and the remainders 
will be equal ; that is, the liquid, equal in hulk to the solid, will 
be equal to the weight of the solid, together with the counter- 
poise W. It therefore appeajfs, that a portion of the liquid 
equal in bulk to the solid e:!(ceeds the weight of the solid, by 
that weight which is just sufficipnt to prevent the solid ascfend- 
ing to the surface and to keep it suspended in the liquid. Hence, 
in conformity with. what h.as already bee« ea^erimentally prov- 
ed, it appears that a solid lighter than its own. bulk of the liquid 
bas a tendency, when immersed in the liquid; to rise to the 
surface with a force equal to the différence bôtween its weight 
and that of its own bulk of the liquid. 

The fact that a solid equal in weight to its own bulkof liqnid 
will remain suspended indifferently in any position in the liquid, 
may also be very easily comprehended, by considering that the 
liquid itself remains quiescent. If, then, we take any portion 
of ih9 liquid beneath its sur^e, sav a cubic inch at the depth 
of one foot, that. cubic inch of liquid nemains at rest. Suppose 
it now to be cpngealed and to become solid, — ^not, however, 
altering in any wav its bulk, — ^it will evidently still remain a^ 
rest, because the fact of it becoming solid introduces no force 
to put it into motion. It will, therefore, be in the case of any 
solid immersed in the liquid equal in weight to the liquid which 
it displaces. 

But it will be more philosophical to deduce the fact of the 
suspension of the solid Ixom the reasonin^ already given, and 
founded on the distinctive property by which a fluid transmits 
pressure ; and this same property is that on which the quiescence 
of eJI parts of a liquid dépends. 

(56.) We hâve hitherto considered the cases only in which the 
solid is totally immersed. The effects of partial immersion are 
in ail respects similar, and inyestigated on the same principles. 

Let ABC ^ifig* 45., be a solid partially immersed in & 
Jiquid whose surmce is L M, and having a tendency to sink 
still deeper, which tendency is checked by the coûnterpoise W. 
Since the solid is in cquilibrium, the stratum U W of the liquid, 
immediately below its base, must be equally pressed in every 
part. The pressure on B C is equal to the weight of the solid 
diminished by the coûnterpoise W. Let H B be a portion of 
the stratum equal to B C ; the pressure hère, which is equal to 
the former, is the weight of the column G H B E. This column 
is evidently equal to the weight of thç liquid displaced by the 
solid; and therefore it follows, that the weight of the -liquid 
displaced by the solid is equal to the weight of the solididimin- 
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ùhed by thu of the connterpoise ; or, what amomits to ths 
■EiDe, the weight «f Uie connterpoîse ib equa] h) the excesB of 
dM Bolid above that of the liquid which it diaplaoea. Thua the 

Fig.ii. 



of the Bolid, as 

This resuit may be verifieJ cxperimentally, by atEsching the 
thread whîch supporta the solld A B C D to the aim of a bal- 
ance, and BBcertaining tha weight ftom the opposite ann whicb 
will Bupport it. Thia being dore, and the level of the surfiice 
L M bemg ohaerved, let the solid be rcBiored from the liquid j 
the couDterpoÏBe from the opposite arm wil! no longer be ahle 
to BUstBJn the solid. Let such an additional weigm be added 
aa will support it, and take a quantity of the llqui^ Âe weight 
of whicb le cquat to thia additional weight, Tins qnantity, 
being ponred into the veaael, will testore the level L M t» its 
former height : hence it appeuB that this quajitlty is eqiûl in 
m^iiitude to tbe part of the solid whicb waa inuneraed. 

If the Botid partially immcraed hâve no teodency either to 
aink or riae, the counteipoise W will be unneceaiary. In this 
case the pressure on B C,JJg. 46-, ia equal to tbe welght of the 
Bolid ; and tbe equaJ pressure on H B ia equal to tbe weigbt of 
the liquid displaced by the solid. Hence it follows, that when 
a solid floata on a liquid, it displaces aa much liquid aa ia eqaal 
toits, own weighl, 

This may be verifled experimentally, Let a solid which 
floats on a liquid be first weighed, and let a portion of the 
liquid of equal weigbt be ascertained. Let the level of tha 
liquid in a vesael be observed, and let the change of thia level 
be ascertaioed, which ia produced by the solid floating on its 
surface. It will be found Ihat the saine change of level will 
be produced by pouring into the veaael as much liquid aa ia 



equal to the wei^ht of the aolid. If it be remambered that the 
chau^ of level ib owinff to the epace beneath the auiface of 
the liquid occnpied bf Uie solid, it wîll b« ewil; undentood 



that the portion of liqnid dteploced by the solid ia that which ia 
necoBBar^ to produce U* same change of level, and this portion 
is equal m weight to the aolid. 

It may happen that a solid pnrtiolly immersed has a tendency 
to iTBe. Let thia tendency fae checked by the force of the 
weight W,Jlg. 47,, draning the solid downwKrds. T'he preB- 

Fig. 47. 



sûre on B C 18 hère equal to the weig'ht of the aoUd, together 
wjth the,»eig;ht W ; and tliis, as before, is equal to the weight 
of G E B H, the liquid displaced by the solid. Hence it appeara, 
that W, which expresses the tendency of the solid to riae, is 
eqnal to the exceas of the weight of the fluid displaced by the 
solid above the weight of the solid. 
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This, also, may be verified experimentally, by removing the 
weight W, and Connecting the string with the arm of a balance. 
It will be found that the counterpoising weight, together with 
the weight of the solid, is equal to the weight of as muchliquid 
as would produce the same change of level as is produced by 
the partial immersion of the solid. 

The conséquences which hâve been just inferred are so im- 
portant, that it may be useful hère to recapitulate them. 

Whenever a solid is immersed in a liquid, whether the im- 
mersion be partial or total, it will hâve a tendency to sink, ïf 
its weight be greater than the weight of the liquid which it dis- 
places. 

It will hâve a tendency to rise if the weight be less than that 
of the liquid which it displaces. 

It will hâve no tendency either to rise or sink if its weight 
be equal to that of the liquid which it displaces.- 

No solid can float on the surface of a Uquid if it be heavier 
than its own bulk of the liquid ; becauae, in order to float it is 
necessary that the liquid displaced be equàl in weight to the 
■solid, which it cannot be, if the weight of the solid be greater 
than that of its own bulk of the liquid. 

In whatever position a body âoats, it will always displace the 
same quantity of liquid, because it will always displace a por- 
tion of liquid equal to its own weight 

The effect, therefore, of immersion in every case is to lessen 
the apparent weight of the solid immersed by affording support 
to its real weight. ' 

(57.) The support, whether partial or total, which a solid thus 
reçoives from a liquid, is *an effect with which every one is fa- 
miliar, and which is commonly expressed by the term buoyancy. 
From the résulta which hâve been just established, it appears 
that a solid is buoyant in a liquid, in proportion. as it is light and 
as the liquid is heavy. Thus the same solid will be more buoy- 
ant in quicksilver than in water ) and in the same liquid cork ia 
more buoyant than lead. Again, a solid which has buoyancy 
enough to float in one liquid will sink in another. Thus glass 
will sink in water but will float in quicksilver. A block of lig- 
numvitiB^ or a pièce of ebony, will sink in alcohol but will float 
in mercury. A block of ash or beech will float in water but 
will sink in sulphuric ether. The reason is, that the weight of 
glass is greater, bulk foi* bulk, than that of water, and is less 
tiian that of mercury. The weight of lignumvitse, or ebony, is 
greater, bulk for bulk, than that of alcohol, but less than that 
of water ; and the weight of ash or beech is less, bulk for 
bulk, than that of water, but greater than that of sulphuric 
ether. 

If a rope be attached to a heavy block ofstone at the bottom 
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of a réservoir of water, it may be raised to the surface by the 
strength of a man ; but as soon as any quantity of it émerges 
fîrom the surface, the same strength will be insufficient to sup- 
port it ; it loses the support of the water, and requires for its 
support as much more force as is equal to the weight of the 
water which it has displaced.* In building piers and other sub- 
aqueous works, this effect is rendered pecutiarly manifest ; the 
laborer feels himself endued with prodigiously increased 
strength, raising with ease, and adjusting in their places, blocks 
of stone, which he would in vain attempt to move above the 
water. Such opérations are carried on by the aid of a diving 
bell, a contrivance which will be explained in a succeeding part 
of this volume. Afler a man bas worked for any considérable 
time in this way under water, he finds, upon removing to the 
air, that he is apparently weak and feeble : every thing which 
he attempts to Ûft seems to hâve unusual weight ; and to move 
eveh bis own limbs is attended with some inconvenience. 

(58.) Every one who, while bathing, bas walked in the water, 
is sensible how small a weight rests upon the feet. If the depth 
be so great that the body is immersed to the shoulders, tiie feet 
are scarcely sensible of any pressure on the bottom. The want 
of sufficient pressure in this case rendors the body easily upset. 
In attempting to ford a river in which there is a current, con- 
sidérable danger is produced by this cause ; even though the 
river should be sufficiently shaUow to leave a large portion of 
the body àbove the surface. The pressure on thel>ottom being 
diminisned by the buoyancy of the liquid, the feet hâve a less 
secure hold on the ground, and Uie force of the current, acting 
on that part of the body which is immersed, witbout affecting 
that part which is above the surface, bas a tendency to carry 
away the support of the feet. 

A body compose d of any material, however heavy, may be so 
fbrmed as to float upon any liquid, however light. To effect 
this it is only necessary to give it such a shape as will cause it 
to displace a quantity of liquid, which is as many times greater 
than its absolute buîk, as its weight is greater than that of an 
equal bulk of the liquid. TherS are an infinité variety of figures 
which will accomplish this. A basin formed of porcelain, brass, 
or any heavier material, will float upon water if it be placed 
with its convex side towards the liquid. . The water being ex- 
cluded from the interior of the basin, as much liquid will be 
displaced as would be equal to the bulk of that part of the basin 
which is unmersed, if, instead of being hoUow, it werè filled to 
the level of the liquid in the vessel. But if the basin be im- 
mersed with its concave side downwards, the water entering 

* That is, " the water which had been previously diiplaced by the part which 
hu DOW emerged.** — Ah. Ed. 
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the hollow of the vessel, it can displace no more water than is 
equal to the actual bulk of material wbich composes the basin ; 
and this material being heavier, bulk for bulk, tlian water, it will 
sink. . 

(59.) Tbe method of adapting the «hape of a body heavier, 
bulk for bulk, than a liquid, so as to cause it to âoot, dépends 
on giving it such a shape as that, when immersed in the water, 
there will be, below the level of the liquid, some spaçe in 
the vessel occupied by air or by some substance lighter than 
the liquid. Thus if a teacup be placed with its bottom down- 
wards on the surface of water contained in a basin, it will float ; 
but if the depth to which it sinks be observed, it will be found 
that a part of the hollow of the cup is below the surfaxïe of the 
water. In this case, therefore, the space bçlow the level of the 
liquid is occupied partly by the porcelain of which the cup is 
composed, and partly by the portion of air which occupies that 
part of the hollow of the cup below the surface of tiie water. 
It is the , lightness of this portion of air, compared with water, 
which enables the cup to float That this is the case may be 
proved by the foUowing experiment. Let water be poured into 
the cup thus floating, and observe the level of the water in the 
cup and in the vessel ; the former will always be found below 
the latter ; so that a stratum of air still lies below the level of 
water in the basin. And this will be the case until the cup be 
completely filled with water, when, no space being left for air 
below the surface, the cup will sink to the bottom. 

For thèse reasons a ship or boat, composed of a material 
wMch is heavier, bulk for bulk, than water, wîQ sink when fiUed 
with water by a leak or otherwise ; but if the material be lighter, 
she will contmue to float, though at an increased depth : in such 
a case the ship is said to be water-logged. Many ships axe 
made of a sort of timber, such as teak, which is heavier, bulk 
for bulk, than water. And, indeed, if the average weight of ail 
th^ materials which enter into the construction of an ordinaij 
vessel be taken, it is prenable tJiat they are heavier than their 
own bulk of water. Whether a vessel; however, will sink by 
being water-logged, wiU dëpendPas much upon the nature of 
the cargo as Uie vessel itself. A vessel laden with iron, or 
with any otber heavv substance, will, in such a case, sink ; while 
one laden with cork, timber, or any other light substance, will 
float. 

(60.) An iron boat will float with perfect security ; and, if it 
be formed with double plates of métal, including between them 
a sufficient hollow space, and so united as to exclude the water, 
no circumstance can sink it ; for, whatever be its position, it 
will displace more water than is equal to its own weight. 

A contrivance to prevent ships foundering at sea, founded on I 

I 
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this principle, haa lately been published by Mr. Ralph Watson. 
He proposes to cany throngh variouB parte in the holk of the 
ahip, so situate as not to interfère with the usoal anrangemente 
of fîreiffht or accommodation for passengers, métal tabès closed 
at both ends, so as to exclude water. In case of Uie ship 
fimndering, by a lei|k or otfaerwise, the interior of thèse tnbes 
wiU continue still unfilled with water ; and, if.their number and 
magnitude bear a sufficient proportion to the weight of the ship 
and cargo, the whole will float, even though there shoidd be a 
free admission for the sea throuffh the bottom of the vesseL 

(61.) It is évident, from ail which bas been stated, that the 
degree of immersion of a vessel in the water is altogether in- 
dépendent of the nature of her &eiffht, and will be the same as 
long as the weight of her cargo is uie- same, whether it consist 
of wool, leather, timber, or métal. Hence the weight of the 
cargo may be always estimated by the depth of immersion ; 
an^if a graduated scale be marked upon the rudderof the ves- 
sel, the same scale will indicate the weight, whatever be the 
substances which compose the ireiffht. 

(62.) We bave seen that a body lighter than a liqnid will, 
when immersed, hâve a tendency to ascend to the surface : an 
inâated bladder, the weight of which is inconsiderable, will re- 
quire as much force to keep it down as is nearly equsd to the 
weight of thç water which it displaces. If such a bladder be 
tied to a weight of several pounds at the bottom of a pond, ite 
tendency to ascend will prevail over the weight, and it will draw 
it to the surface. 

The buoyancy of solids immersed in Hquids is fi^quentlv 
used as a meanj^ of re^ulating the supply of réservoirs, in which 
it is necessary to maintain Ste liquid at a certain level. If a 
solid body float on the surface, it will rise and fidl with every 
change of level of the surface ; and, if any impediment prevent 
ite ascent or descent, with the ascent or descent of the surface 
of the liquid, it will exert a force in the one case by ite buoy- 
ancy, and in the other by ite weight, to overcome such impedi- 
ment. The floating body is usually connected by a wire or 
lever, with a valve or cock which govems the supply of the 
liquid to the réservoir. When the vessel is fiUed .to a certain 
height, the float beins raised to that height acte by the wire or 
lever, so as to close the valve and stop the furl^er supply of the 
liquid. If, on the other hand, by use or wAste, the level of the 
liquid fall, and the réservoir want replenishing, the float de- 
scends, and, acting on the valve in the contrary direction, opens 
it and admite the supply of liquid. Ezamples of this may be 
seen in the ordinary cistems used for supplying water for do- 
mestic purposes. A leaden pipe is carried from the main pipe, 
and is introduced into the cistem which is to be supplied ; at 
7* 
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the extremity of this pipe in the cistem, is placed a stop cock, 
which is worked by a lever, at the extremity of which âiere is 
a Urge hollow métal bail, which is raised by its buoyancy with 
the surface of the liquid, and falls by its weight when the sur- 
fine descends. The cock is thus closed when the surface rises 
to a certain height, and stops the supply of water ; but iHien 
the surface falls .tiie cock is again opened, and water is ad- 
mitted. 

Many contrivances, upon this principle, hâve been suggested 
for rt^sinff sunken vessels. Hollow boxes made water-tight, 
and including only air, may be carried to the bottom by heavy 
weights attached to tliem. The boxesi being secured to the 
vessels to be raised, the weights which sunk them may then be 
detached. If such a number of thèse boxes be attached to the 
vessel as will displace more water than is équal in weight to 
the- vessel to be raised, and the boxes themselves, the whole 
will float to the surface. 

A machine upon the same principle, called the cmnd, for lift- 
ing vessels over shoals, is the invention of a burgomaster of 
Amsterdam named Bakker. In the Zuyder Zee, opposite the 
mouth of the river Y, there are two sand banks, between which 
there is a shallow passage, impassable to vessels of large size. 
It was the practice for such vessels to take in their cargo aller 
they had passed beyond this strait ; but the accumulation of 
sand became at last eo considérable, that some means were 
necessary to transport the vessels themselves over this obstacle. 
In 1672, large chests, filled with water, were fastened to the 
bottom of the vessel ; the water was subsequently pumped out 
of thèse, so that they acquired a buoyancy or upward force 
equal to the weight of the water discharged : the ships were 
thus raised and enabled to pass the shallow. A similar contri- 
vance had been previously used at Rome by a Dutch engineer 
named Meyer, but not so complète or effectuai a one as uat of 
Bakker.* 

The camel, of which we hâve just explained the original 
idea, consists of two large hollow chests, so constructed as to 
extend along the sides of a vessel, and shaped on one side so 
as to lie close to her sides, being square upon the outside. 
Being filled with water, they sink, and are, without dijfficulty, 
brought close to the sides of the vessel, to which they «re at- 
tached by ropes which pass round each of them and under the 
keel ; the water is then pumped out, and the buoyancy of the 
chests raises the ship in the water so as to enable it to float over 
a shoal. An Ëast Indiaman that drew ôfteen feet of water, 
i^as so much elevated by means of this machine, that it only 

* Brewitor*! Eoeyclopedia, t. Si96. 
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drew eleven feet; and tiie lazgest aiiîps of wir in the Dnldi 
service, of from 90 to 100 ffons, weie always embled to sur- 
moiint tbe différent sand-lNUucB of tlie Zoyder Zee. Sach m»- 
chines are likewise nsed in Venice and in Roasia. 

Lôfe-preaerverB, provided in case of accident at aea, aie con- 
Btnicted npon the same princif^e. A hoae, or flexible tnbe, îa 
compoeed of a cloth prepaied bj a aolotkm of caoutchouc or 
India nibber, by which it becomes impervioas to air or water, 
and which is alao inaolable in water. It ia made of aoch a 
ien<Hh, that it may soiround the waîat and be aecoxed by a 
bnclle in front : a mouthpiece and valve are pnnided at ooe 
extremity of the tabe, through which it may be inflaled. When 
thns filled with air, it becomes light when compaied wîtib îts 
own bulk of water ; and, when soiroanding the waîat, it givca • 
the body anch buoyancy that the npper part of the penon wifl 
continoidly be kept above the water. 

The benefit of thia contrivance in caae of accidenta at aea, 
and more eapecially when, as nsnally happen8,thej occnr near 
the shore, migfat be rendered mnch more eztenaive. A long 
hoee of water-proof cloth mi^^ be conatnicted, of anch a mag- 
nitude as, when inflated, it wonld bave anfficient booyancy to 
snstain a considérable nnmber of persons ; strapa mi^it be 
attached to it at proper intervala, to be aecoied ronnd the waisti 
of those whom it was necessary to support Soch an-anparatoa, 
when not inflated, might be folded in a very amall bnlk ; and a 
Bufficient number of them to save the cre w or paasengers of any 
vessel wonld neither be ezpensive to construct nor inconvénient 
to carry. With anch aid it wonld be poaaible for the ordinary 
boats, with which vessels are always provided, to tow the crew 
and passengcrs to shore. 

It would be advisable to divide a large hoae for aoch a pur- 
pose, into a number of sepaiate air c^la, to provide againat 
the accidentai rupture of any part of it Sach an accident 
would thus be productive of no injury, as it wonld allow the air 
only to escape from one celL 

(63.) The weight of the human body ia very neariy e^nal to 
that or its own bulk of water ; its magnitude, however, la sub- 
ject to a small variation, cansed by Sie action of breathing: 
when the lungs are inflated, the volume of the body ia greater 
than after tiiey collapse. It is true that in thia case the wei^t 
of the body as weU as its magnitude, strictlv speaking, unoer- 
goes an increase ; but the change of weiffht ia compuatively 
small, being that 'of a few grains of air, wich are altemately 
inspired and breathed out The change of volume produces, 
however, a sensible effect when the boîdy ia immersed in the 
liquid. , 

When the chest is inflated with air by drawing in the breath, 
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the hody 18 somevhat lighter tfaan its own bulk of water ; and, 
if it be immened in that liquida it will displace its own weight 
before total immeraion takes place. »If the head be presented 
upwards and inclined backwards, bo as to keep the mouth and 
nose in the highest possible position relatively to the remainder 
of the body, a person may float with about half the head above 
water when the chest is filled with aiar ; but when he brenthes 
out, his lungs collapse, and the bulk of bis chest is diminished ; 
his weight, nowever, remaining the^same, he must sink deeper 
in order to displace his own weight of water. A livinff body 
floating on water is, therefore, in a state of continuai osciUatioB, 
altematehr rising and sii^ng : this efibct is increased by the 
inertia of the body ; for when it descends it will not cesse to 
sink exactiiy at that depth at which it displaces its own weiffht 
of water, but it will continue to move with the velocity it has 
acquired,* until the increasing weight of the water displaced 
forces it to retum upwards : its altemate ascent is similarly in- 
creased. This effect may be observed by pressing a pièce of 
cork in water to a greater depth than that at which it naturally 
floats ; an oscillation will ensue which will continue for some 
time. 

Hence arises one of the difficulties which are found in float- 
ing on water; for, in Uie alternate sinking-of the body, the 
mouth and nostrils mav be so choked as to intercept the breath- 
ing: a slight action of the hands or feet is therefore necessaiy 
to resist the tendency to sink aller each expiration firom the 
chest 

The lighter the body is in relation to its magnitude, the more 
easily wiQ it float, and a greater portion of the head will remain 
above the surface. As the weights of ail human bodies do not 
bear the same proportion to their bulk, the skill of the swimmer 
is not always to be estimated by his success : some of the con- 
stituent parts of the human body are heavier, while others are 
lighter, bulk for bulk, than water. Those persons in whom the 
quantity of the latter bears a greater proportion to the former 
will swim with a proportionate fàcility. 

Sea water has a greater buoyancy than firesh water, being 
relatively heavier ; and hence it is commonljr said to be much 
easier to swim in the sea than in a river : this effect, however, 
appears to be greatly exaggerated. A cubic foot of fbesh water 
weighs about 1000 ounces ; and the same bulk of sea water 
weighs 1028 ounces : the weight, therefore, of the latter ex- 
ceeds the former by only 28 parts in 1000. The force exerted 
by sea water to support the body exceeds that exerted by fresh 

* The Telocitj is variable ; after the body arrivei at the depth at which it dii- 
plaees it* «ftni weight of water, ita velocity ii eontinually diminished, thouf h not 
at a nniform rate, in eonseqaenee of the inerease of the apward preerare. — Am. Eo. 
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water by about one thirty-sixtb part of the wholé force of the 
latter.* 

It hafi been proved that in whatever position a body floats on 
a liquid, the same bulk must be immersed ; it foUows, therefore, 
that if a person floating mise his hand above the surface of the 
water, an equal portion of his head must sin)u Hence the dan- 
ger arising to persons drowning is increased by the involuntaiy 
effort by which they stretch out their arms. 

(64.) The bo^es of some animais are much lighter than their 
own bulk of water. Many species of birds, such as ducks, 
geese^ swans, and water fowl generally, présent examples of 
this. The feathers with which they are covered contribute 
much to their buoyancy ; and, in many instances, a very small 
portion of their body will displace a quantity of water equal to 
their weight. 

Fishes hâve a power of changing their bulk by the distension 
of an air vessel with which they are provided ; they can thus 
at will displace a greater or lesser quantity of water. When 
they enlarge their bulk, so as to displace more water than their 
own weight, they rise to the- surface ; and when, on the other 
hand, they contract their dimensions, so as to displace less 
water than their own weight, they sink to the bottom. 

When a human body^ is first drowned, the air being ex- 
pelled from the lun^, it is heavier, bulk for bulk, than water ; 
and, therefore, remams at the bottom. The process of décom- 
position subsequently produces gases, by which the body is 
sweUed and increased in balk so much, that it displaces more 
water than is equal to its own weight, and therefore rises to 
the surface. When the yessels, containing the gases thus 

* We are not, howerer, to infer, that it re<}uitea only one thirtyniizth part leu 
force to Bustain the body in sea water than in ftesh water. For this force is, in 
either case, equal to the différence between the weight of the body and that of an 
eqnai bulk or the fluid, and this différence beinff small, the proportion or (more 
properly) ratio, in which it is diminished, when the bod]^ is transferred from fresh 
to sait water, is much neater than that in which the weight of a given bulk of the 
fluid Is increased. Irwe suppose the weight of the body to be 190 Ibs.^and 
that of its own bulk of fresh ^ater 180 Ibs., the weight of the same bulk pf sea 
water, being one thirty-sixth part greater. would be 185, and it would require a 
force of 10 Ibs. to sustain the Dody in fresh water, and only 5 Ibs. in sea water. ' If 
the body is still heavier eompared with its bulk of water, the force required to 
sustain it in sea water, eompared with that in beàh water, vrill be still less. We 
hâve as yet supposed the human body to be heavier than either fluid. If it be 
lighter than either sait or fresh water, as Dr. Frank^n and others hâve ascertained 
it to be in many cases, even after an ordinary expiration of the air ; then it will 
require no force to sustain it, but only the présence of mind necessary to direct 
the face upwards, and to avoid struggling, (allovring the lower ^arts of the body 
to sink grwiually till it cornes into a vertical position ;) and to avoid, both in breath- 
iog and speaking, those violent and long-continued expirations, which occasion a 
greater exhaustion of the chest than occurs in an easy and natural respiration ; 
and lastly, in case of an acciilental immersion of the &ce, to refrain from «ny at- 
tempt at breathing until the mouth or noae shall hâve risen again abotce the sur- 
face. An observance of thèse rules might savemany lives. — Am.JSd. 
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generated, burst, the body will again contract its dimensioiui 
and sink. ' 

(65.) Philosophical toys are constructed on this piinciple. A 
small gloBs vessel is constructed in the form of a balloon, which 
is hoUow, and the lower part of which is open ; it is inunersed 
in water with its mouth downwards, so that the air inçluded 
within prevents the water entering beyond a certain point. 
This balloon is placed âoating on the surface of water contain* 
ed in a deep glass jar filled nearly to the top ; a bladder is tied 
on the top, so as to confine a small quantity of air between it 
and the suiface of the water in the jar. A pressure being ex* 
cited by the hand on the bladder, is transmitted by the air under 
the bladder to the water, and ihe water again traiismits it to 
the air inçluded in the balloon ; this air being elastic, yields 
to the pressure and contracts its dimensions, allowing a greater 
quantity of water to enter the balloon : the balloon thus displaces 
a less quantity of water, while its own weight, including the 
air in it^ remams unaltered. At len^ the water it dis^aces 
is less than its own weight, and it smks slowly to the bottom 
of ihe jar. When ihe bladder is relieved firom the pressure, 
ihe air in the balloon again expands, the water displaced by it 
increases, and it slowly ascends to the surface. 

A solid having air enclosed, which is exposed to the pressure 
of the liquid in which it ia inunersed, may arise to the surface 
if it be inunersed only to a certain depth ; Dut if it be inunersed 
to such a depth that ihe hydrostatic pressure of the suirounding 
liquid 80 condenses the air within that the solid displaces a lésa 
quantity of liquid thon its own weiffht, it caa no longer rise.^ 
A diver who plunges in the ses is lighter wheo he enters than 
his own bulk of water ; but if he proceed to a certain depth, his 
dimensions will be so contracted by the pressure of the sea, that 
he will displace a less quantity of water than his own weight, 
and, therefore, cannot rise by mère buoyancy, but must ascend 
by the exertion of his limbs, swinuning, a» it were, upwards. 

It is known that in thé process of congélation^ water under- 
goes a considérable increase of bulk ; thus a quantity of water, 
which at the température of 40° measures a cubic inch, will 
hâve a greater magnitude when it assumes the form of ice at 
the température of 32^. Consequently ice is, bulk for bulk, 
lighter than water. Hence it is that ice is always observed to 
coUect and float at the surface. 

A remarkable effect produced by the buoyancy of ice in. water 
is observable in some of the great rivers in America. Ice coU 
lects round stones at the bottom of the river, and it is sometimea 
forme d in such a quantity that the upward pressure by ita 
buoyancy exceeds the weight of the stone round which it iâi 
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coUected ; conâequently, it raises tiie stone to the surfkce. 
Large masses of stone and ice are thus observed floating domi 
the river to considérable distances from the places of their 
formation. 



CHAP. VI. 

OP DIFFERENT LIQUID8 IN COMMUNICATING VESSELS. 

LIGHTKR LIQUIDS FLOAT TO THE TOP. — OIL, WATER, AND MERCU- 
RT.*— CREAM OF MILK. — INGREDIENTS OP THE BLOOD. — OIL AND 
SFIRITS. — ^PROOF SPIRITS. — WAT£R AND WINE. — W^TER IN THE 
DEPTHS OF A FROZEN S£A LKSS COLD THAN AT THE SURFACE.— 
A LIQUID MAY BOIL AT THE SURFACE, WHILE THE LOWER PARTS 
ARE COLD.— METHOD OF APPLYINO HEAT TO BOIL A LiqUID.— 
BfETHOD OF APPLTINO ICE TO COOL WINE.— 'DIFFERENT LIQUIDS 
IN A BENT TUBE. — MKTHOD OF RAISING WATER BT IMPREGNATING 
IT WITH AIR. 

(66.) All that has been proved in the previous chapter re- 
specting the âscent and descent of solids in liquids is equally 
applicable to two or more liquids in the same vessel. In thu 
case^ providing that no chemical combinatioh takes place be- 
tween the liquids, the li^hter will alwaya ascend and remain 
above the heavier. Anaif more than two liquids be contained 
in the same vessel, they.will severally arrange themselves in 
the order of their weights, the lighter being above the heavier. 

If oil and water be mixed by shaking them in the same bot- 
tle, they will speedily separate when the bottle is placed at rest 
on the table. The particles of the oil will rise, and those of 
the water fall, until they are totaUy disengage d from one an- 
othér ; the water occupying the lower part of the vessel and the 
oil the higher. If mercury, which is heavier than T*Tater, be 
added to the mixture, it will take the lowest place, leaving the 
water immediately above, and the oil at the top. 

Thèse effects are only manifestations of the principle which 
bas been already so fully explained in its application to solide 
immersed in liquids. A particle of a lighter Uquid immersed in 
a heavier displaces a portion of that heavier equal to its own 
bulk, and it is urged upwards by a force equal to the différence 
between its weight and the weight of the heavier liquid which 
it displaces. What is true of one particle is equally true of any 
number ; and when two liquids of différent weights are mixed 
together, we may consider the particles of the lighter to be 
urged upwards, by the predominating effort of the heavier to 
sink to the bottom. 
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There are nuroerous familiar effects whicîi are manifestations 
of the principle now explained. When a vessel of milk is al- 
•lowed to xemain a certain time at rest, it is observe d that a 
stratum of fluid will collect at the surface, differing in many 
qualities from that upon which it rests. This is called cream ; 
and the property by which it ascends to the surface is its rela- 
tive levity : it is composed of the lightest particles of the milk, 
which are in the first instance mixed generally in the fluid ; but 
which, when the liquid is allowed to rést, gradually rise through 
it, and settle at the surface. 

When blood taken from an inflamed patient is suffered to 
remain a suf&cient time in a vessel at rest, it résolves itself 
into tiiree parts, which arrange themselves in the order of their. 
weights one above another. The heaviest élément, called ae- 
runij i^ettles at the bottom; above that a lighter substance, 
called coagtdum, arranges itself; and at the top the lightest 
component part, called buffy is collected. 

If oil, which rises to the surface of water, be mixed with al- 
cohol or some other spirits, it will settle at the bottom. A 
weaker spirit is heavier, bulk for bujk, than a strong one, and 
its strength may be so far reduced that it will no longer float 
on the surface of oil, but will sink below it ; this is the test 
which fixes the strength o£ propf-spirit. AU spirit which floats 
upon oil is said to be above proof. 

As ail spirits are lighter than water, they will float upon its 
surface if they be not mixed through it. But if thèse liquids 
be mixed, chemical effects will ensue, which will resist that 
séparation which mechanical causes would produce. If a ves- 
sel be half filled with water, and a pièce of paper be laid upon 
its surface, and wine-be poured over the paper, on carefully 
removing the paper so as to produce the least possible agitation 
in thç liquids, the wine will continue to occupy the upper part 
of the vessel, and the water the lower. But if, on the other 
hand, the vessel be first filled with wine, and the water be 
similarly poured over it, it will immediately sink. through the 
wine, and the liquids will be mixed, their chemical aSinity re- 
sisting the tendency of the wine to rise to the top. By the 
following contrivance, however, the wine and water may be 
made to change places without intermixture. 

Let A and B, Jig. 48-, be two vessels connecte d 

by a narrow neck C. Let E be a tube from the 

lower vessel B to the upper vessel A, and let D 

Ji^^l^^ be a tube firom the upper vessel A to the lower 

vessel B, and let ail communication betweén the 

vessels except by thèse tubes be stopped. Let 

B^I^B B be filled with water to the neck C, and let A 
be filled with wine to a level above the mouth of 
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the tube E. The water in the lower vessel, and the wine in 
the upper vessel, will thus be in contact in the neck C, but they 
wiU continue separate, the wine will mat descend into the wa- 
ter. The vessels being now emptied, let the lower vessel be 
filled with wine and the upper one with water. The water 
which fills the upper vessel, pressings on the wine in the tube 
D, will force it down, and compel it to ascend in E. The wine 
in the lower vessel will thus be gradually discharged in the 
upper, while the water in the. upper will be deposited in the 
lower. If the lower part of the vessel be concealed or formed 
of any substance not transparent, such a vessel is used as a toy, 
by which water is apparently converted into wine. 

The fact that water at températures between the fireezing 
point and 40° is lighter, bulk for bulk, than at higher tempéra- 
tures, has been already noticed.* It foUows, therefore, that 
water at this température will float upon the surface of water 
at higher températures. Hence it foUows that the water im- 
mediately beneath a sheet of ice floats above the less cold water 
which is at greater depths ; and this liquid being a bad conductor 
of beat, the lower région of a frozen sea may be at a very mod- 
erate température, while the most intense cold prevails above. 
Animal life may be thus preserved in the lower parts of the 
deep, which would be destroyed if the beat, thus confined there, 
were permitted to esçape. The lighter stratum of fluid under 
the congealed surface forms a barrier, in a great degree, imper- 
vious to the beat, and thus préserves the marine animais which 
are in the lower parts of the sea. 

If beat be applled at or near the surface of water contained 
in a vessel, the higher strata of the liquid may be made to boil, 
while the lower parts retain their original ^température. For, 
like ail other substances, water expands when heated, and 
therefore becomes lighter ; consequently, the hot water at the 
surface will not descend into the lower part of the vessel, and 
the imperfect manner in Which the liquid conducts beat prevents 
'4he lower strata firom receiving any effect firom the increased 
température of the surfaceJf 

On the other hand, if the water in the bottom of a vessel be 
heated, it will be rendered lighter by expansion than the cold 

* It ia Kghtor than at leme higher temperatarea near 40", though not lighter 
than at ail nigher températures. The expansion of water whiist in the fluid state, 
has been found to be very nearly the same for any number of degrees below, as for 
the same number above, 40". Hence, at no température below ^", until the water 
il conffeaJed, will it be as light, bulk for bulk, as water at high températures. — 
Am. En. 

t If, however, the water be below 40", and the beat be appUed very gradually, to 
as to elevate the température of the surface but à few de^ees, it is «vident, firom 
the prittciples just stated, that the water at the surface will be rendered heavier, 
and that an intermixture will take place throughout the whole mass untfi its toQt- 
pcrature has risen to 40". — Am. Ed. ^ 

a 
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water which is abov« it ; and, confonnably to the principles il- 
ready ezplained, it will ascend Uirough the cold water ibave it 
in the same manner as the particles of oil would ascend from 
the bottom of a veesel of water and float at the top. The lower 
and higher strata thus interchange places, and the latter in its 
tum becoming heated more than the former again interchanges 
places with it Thus so long as the lower strata continue to 
receive increased température, a constant interchange of posi- 
tion will be produced between the higher and lower strata of 
the liquid : ascending and descending currents will be constantly 
maintained until the liquid boil. 

This effect may be exhibited in such a manner as to be easily 
observed. Let a tall glass jar be filled with cold water, and let 
a small quantity of amber reduced to powder be thrown into it. 
Amber bein^ very neaxly equal in weight, bulk for bulk, to 
water, the différence of weight produces so slight a tendency 
in it to sink, that this tendency is overcome by the molecular 
attraction of the water for its particles ; it, therefore, rémains 
suspended in the liquid, being mixed through everv part of it, 
and is distinctly visible to the eye. Let Uie jar be now im- 
mersed to a small depth in a vessel of hot water, so that the 
iowest strata of water in the jar may be gradually heated. The 
water at the bottom of the jar will be obsenred continually to 
ascend, carrying up the particles of amber with it, while the 
upper strata descend. This will be rendered visible by the 
ascent and descent of the particles of amber. 

In like manner if the jar be totally submerged in anothej 
glass jar of boiling water, the portion of water near the surface 
of the submerged jar will first become heated, and will there- 
fore be lighter than the water near its centre. In this case we 
shall observe a currentof amber particles continually ascending 
near the surface of the submerged jar, ifhile a çontrary current 
is constantly maintained near its centre. The heated water 
near the surface thus continually interchanges places with the 
colder water in the centre. 

When a liquid bas attained a certain température, which is 
always the same* in the same liquid, but which differs in dif- 
férent liquids, it will be incapable of any further increase. If 
the vessel which contains itbe exposed to lire, or any other 
source of increased beat, the effect produced upon the liquid 
will not be to make it botter, but to couvert it into vapor or 
steam. If the Iowest stratum, as is usually the case, be that 

* Tbe température at which this takes place varies according to some circum- 
■tances, the most important of which is tbe degree of presiure on the floid. It 
will be obvions from this^ when the subject of atmojipheric pressure shall bave 
been considered, that boiling water cannot always be equally hot. Its temperar 
tare is found bv ezperiment to vary at the same place, and to be mnch lower on 
the tops of hifh mountains than at the level ofthe ocean.>-AM. Ed. 
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whieh ïB ezposed to the fire, the water in it wiU be first cou- 
verted into steam, which will be produced in bubbles at the 
bottom of the vessel. Thèse, being mauy handred times lighter 
than the liquid, will rise with great rapidity to the surface, where 
they will escape into the air, producing that agitated appeac- 
ance on the surface of the liquid which is called boiUng or 
ebullition.* 

From the above reasoning it will be évident, that, if fire be 
applied for a sufficient length of tiine to the lowest part of a 
vessel containing a liquid, the whole of the liquid in the vessel, 
however remote it may be from the fire, will ultimately become 
heated ; for the ijrater occupying the lowest strata will continu- 
ally ascend by its increased levity,'until the whole mass of 
liquid reçoives the highest température of which it is capable. 
An apparatus for the warming of houses is constructed on this 
principle. A small métal boiler, made water tight, is placed 
upon a fire in the lowest part of the building. A tube proceeds 
firom this vessel, and is carried through ail the apartments 
which are required to be heated, passing along the walls in any 
convenient direction. The tubes and boiler are completely 
filled with water. A fire is kept lighted under the boiler so as 
to beat the water which it contains. As this becomes lighter 
by increased température, it ascends through the tubes, and is 
replaced by the colder water descending ; and this continues 
until the water in ail the tubes is raised to the boiling point : 
the métal of the tubes becomes ultimately heated to ue tem- 
pérature of boiling water, and imparts an increased tempéra- 
ture to the air whieh surrounds them. 

The same tubes being fiimish^d in proper places with cocks 
will supply hot water for baths and other d(miestic purposes in 
every part of the building. 

The same reasoning which proves that to beat a liquid the 
source of beat should be applied to the lowest strata, necessa- 
rily leads to the conclusion, that to cool a liquid the source of 
cold should be applied to the highest strata. If the lowest part 
of a vessel containing a liquid be plunged in melting ice, the 
liquid near the bottom, imparting its heat to the ice, will be 
cooled, and being rendered heavier than the liquid above, it 
-will remain at the bottom. In this case the only part of the 
vessel which will be cooled will be the lower strata ; the upper 
parts will malntain their former température. But if the highest 
stratum of the liquid in the vessel be surrounded by melting 
ice, it wiU be first cooled, and being rendered thereby heavier 

* Thèse bubbleB, whilst they remain at the bottom, impede the entrance of the 
heat into the water. Ib not a deficiency of upward pressure, in conséquence of 
^heir contact with the bottom of the vessel, one of the causes which ptotract their 
stay at the bottom ? — Am. Ed. 
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wiE sink to the . bottom, displacing the warmer liquid below. 
This process will be continued so long as the highest stratum 
bas a température above that of the cooling application.* 

Hence it appears, that when ice is used to cool wine, it will 
be ineffectuai if it be applied, as is frequently the case, only to 
the bottom of the bottle ; in that case the only part of the wine 
which will be cooled is tiiat part nearest the bottom. As the 
application of ice to the top of the bottle establishes two cur- 
rents, upwards and downwards, the liquid will undergo an effect 
in some degree similar to that which would be produced by 
shaking the bottle. If ihere be any deposit in the bottom whose 
weight, bulk for bulk, nearly equaïs that of the wine, such de- 
posit will be mixed through the liquid as effectually as if it had 
been shaken; in such cases, therefore, the wine should be 
transferred into a clean bottle before it is cooled. 

(67.) We hâve shown that the same liquid, in conununicating 
vessels, will always stand at the same level ; this property dé- 
pends on thô circumstance of columns of equal heights having 
equal weights : conseqi|enily it follows, that if conununicating 
vessels contain différent liquids, of which equal columns bave 
différent weights, they will not stand to the same level. The 
vessel which contains the lighter liquid will hâve its surface at 
a greater height, because a column of équivalent weight to the 
heavier will necessarily be higher ; and not only so, but hisher 
exactly in that proportion in which the liquid is lighter. This 
will be more clearly understood by the foUowing illustration : — 

Let B Wj fig. 49., be a horizontal tube con- 
nected with two upright tubes, A B and A' B', 
and let a stopcock be placed at B'. Let the 
horizontal tube B B' be fiUed-with quicksilver, 
and let two liquids lighter than quicksilver, and 
which, bulk for bulk, bave différent weights, be 
poured into the tubes A,B and A' F to any 
heights as C and C. It is évident that the 
stopcock B' is pressed downwards by the weight 
of the colunm C B^ : also it appears that the mercury at B is 
pressed downwards by the weight of the column C B ; and this 
pressure is transmitted by the mercury to the stopcock B'. The 
stopcock is, therefore, under the effects of two opposite prés- 
sures, viz. the weight of the column C B' downwards, and the 
weight of the column C B upwards. If either of thèse pres- 
sures be greater than the other, a corresponding motion would 
take place on opening the stopcock ; thus, if the weight of the 
column C F were greater than that of the column C B, the 

^ * It will be continued until the whole mass of the liquid ia cooled to 40*^ ; fitthis 
time the currents cease. Hencef ice floating or resting on deep tranquil -«rater 
doeB not reduee the whole mass to its own température.— Au. £d. 
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mercury would be pressed towards B, and the liqiiid inCy W 
would enter the horizonta] tabe. ' If, on the cdntrarr, the weight 
of the cdamn C B were greater than that of C W, the upward 
preBaure at W wonld be greater than the downward ; and, on 
opening the stopcock B', tiie mercuiy would be pref»ed up the 
tabe W A'. In order, therefore, that tiie liquida in the two 
tubes should be in equilibrium, on opening[ the stopcock it is 
necessary that the weights of aie columns in the upright tubes 
should be equal ; in which case, whether the stopcock is open 
or closed, equilibrium will be preservedr 

From this conclusion it is apparent, thât the surfaces C and 
Çy will not stand at the same levai unless the liquids in the 
upri^t tubes hâve, bulk for bulk, the same weiffht ;' for if one 
be hghter than the other, bulk for bulk, it.wilf, in the same 
proportion as it is liffhter, require a greater heightof column to 
give the same weight as the heavier liquid. Thus, if a pint of 
9ie bghter liquid weigh forty ounces, and a pint of the heavier 
weigh fifty ounces, it is évident that acolumn of the latter, for- 
ty inches in height, will ézert the same pressure as a columh 
of the former finy inches in height ; or m gênerai it may be 
stated, that the two columns will exert equal pressures, provid- 
ing that the height of the column of heavier liquid shaU bear, 
to the height of the column of lighter liquid, the proportion of 
forhr to fifty, or of four to five. 

The communicating vessels in this case are represented as 
tubes of equal magnitudes ; but, by comparin^ the conclusions 
at which we hâve just arrived with the reasomng used in (38.), 
it will be apparent that thèse inferences may l]^ generalized ; 
and that liquids, contained in any commumcating vessels of 
whatever shape or position, will, when in equilibrium, bave their 
surfaces at heights determined on the principles just laid down. 
The surfaces of the lighter liquids will be more elevated than 
those of thè heavier m proportion as their weights, bulk for 
bulk, are less. 

Let A B C,^. 50., be a bent tube, open at the ends A and 

Fig.QO. 



C, and let oil and water be poured into it ; let S be the surftco 
of the water on which the oil rests, and draw the horizontal 
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iine S M. If the oil were removed from the leg A B, and the 
water above M also removed from the leg C B, the water be- 
iow S M in the curved tube would remain in equilibrium, since 
the surfaces S M are at the same level. That this equilibrium 
may be continued when the oil is introduced into the leg A B, 
and the additional water into tiie leg C B^ the pressures which 
thèse liquida excite at S and M must be equal ; but the pres- 
sure at S is equal to the weight of a colunm of oil, whose heigbt 
is S N, and the pressure at M is equal to the weight of a col- 
umn of water, whose height is M P, as bas been proved in 
(37.) (38.), &c. Hence the height S N must be greater than 
the height M P, in the same proportion as water is heavier than 
oil ; and a similar conclusion may be obtained with respect to 
auy other liquida. 

The property by which a short column of a heavier fluid will 
support a long column of a lighter one, has been used by M. 
Dectot in machines invented by him, called hydreoles, for the 
purpose of forcing water above its original level. In thèse ma- 
chines water is, by an ingenious contrivance, mized with air ; 
the mixture is of course Eghter, bulk for bulk, than pure water, 
and a short column of the latter will support a long one of the 
former. There are différent methods of impre^nating the liquid 
with air ; one in particular is by forcing the air into the water 
by a bellows, through a plate pierced with a number of veiy 
small holes, like the cover of a sand bottle, or the rim of a gas 
humer ; the air thus entera the water in extremely minute glob- 
ules, so that their buoyancy is insufficient to overcome the 
molecular force which attaches them to the particles of the 
water. An upright tube containing the water thus impregnated 
with air, communicates with a réservoir containing pure water ; 
and the liquid in this upright tube will stand as much higher 
than the water in the réservoir as pure water is heavier than 
the water surcharged with air. The réservoir answers .the 
double purpose of supplying the water and pressing it up in the 
tube ; for, as it passes from the réservoir to the tube, it encoun- 
tcra tiie jets of air which charge it 
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CHAP. vu. 

EdUIUBSIUM OF FLOATINO BODIES. 

CONDITIONS OF S^UILIBRIUM.^-CASES OF STABLE, INSTABLE, AND 
NEUTRAL E<IUILIBRIUM. — EXPERIMENTAL PROOF.—- FEAT OF WALK- 
INO ON THE WATER.— LIFE PRESSRTER8.— 4TABILITT OF SHIPS.^- 
P08IT10N OF CARGO.— BALLAST.-»DAN6ER~ OF STANDING UP IN A 
BOAT.^-4NCLINATION OF A SAILINO TESSEL.*— HOW ATOIDED IN 
8TSAM TESSELS. 

(68.) The circuxnstances under.which a solid will sink, rise, or 
be suspended in a liquid, hâve been fblly explained in chap. iv. 
But thèse circumstances are insufficient to détermine the exact 
State of the body with respect to motion or rest. A body may 
be in equilibrium with référence to any perpendicular motion 
towords or from the surface of the liquid ; that is, it may nei- 
ther rise nor sink, but yet it may not be in a state of absolute 
rest Again, to say that a solid rises or sinks in a liquid with a 
certain force, does not describe its state with ezactness ; while 
it rises or while it sinks, it may also hâve motions of another 
kind ; such as motions in an oblique direction, or rotatory mo- 
tions. To explain fuUy, therefore, ail the conditions which 
affect the state of a solid immersed^ ail the particulars hère 
alluded to must be investiga^d. 

The motions of which a solid body is susceptible may in gên- 
erai be reduced to two, viz. progressive moticm, and rotatory 
motion. In progressive motion, ail the particles of the solid 
are carried forward in parallel Unes with the same speed : in 
rotatory motion, the boay remains in the same place, but turns 
round some point within it as a centre. Let ABC D»^. 51., 
be a solid body, and let £ F and W F' be the directions of two 
forces acting on it in parallel and contraiy directions ; if thèse 
two forces be equal, it is évident that they cannot give the body 
any motion in the d^ection E F or in the direction W F' ; for, 
since the forces are equal, there is no reason why the body 
should move in the one direction rather than the othen Such a 
supposition would necessarily involve jBome distinction between 
the two forces, whereas no such distinction exists. A force 
of a pound weight drawing a body towards the north, and 
another force of the same weight drawing the san^e body to- 
wards the south, evidcntly cannot produce motion in either of 
thèse directions. 

The effect of two such forces as are suppose d to act in Jig, 
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51. wîll be to give the body a motion of rotation in the direction 
A B C D. 

But if the equfil forces, instead of acting in parallel liûes, 
acted in the same right line, and in contrurjr directions, then 
they woiild be mutually neiitralized, and the body would be 
kept at rest. 




If the forces represented in fg, 51. were unequal, then the 
body would receive a progressive motion in the direction of the 
gi^ater force ; but as a conséquence of the forces not being in 
3ie same straight line, the hoày would also receive a motion of 
rotation in the direction A B (5 D. It would be carried along 
in the direction of the prevailing force, and during its progress 
it would spin or revolve. ^ 

If, however, the unequal and contniy forces act not in parallel 
lines, but in the same line, then no rotation will ensue, but the 
body will advance with a progressive motion only according to 
the direction of the prevaUing force. 

Thèse gênerai mechanical principles being clearly understood, 
ail the effects produced by the immersion of a solid in a liquid 
may be rendered easily intelligible. 

Let us suppose a solid body of any proposed figure immeised, 
whether totally or partially, in a liquid. 

A downward force equal to the weight of the solid is opposed, 
as has been shown in chap. v., by an upwaxd force equal to the 
weight of the liquid which the solid displaces. If either of 
thèse forces be greater than the other, the Body will hâve a 
tendency to rise or sink proportional to their différence ; and if 
they be equal, the body will be in equilibrium as to its ascent 
and descent in a perpendicular direction ; but it still remains to 
be decided, whether the solid may not move in the liquid with- 
out eithei* rising or sinking. 

To détermine this it will be neccssary to ascertain the exact 
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directions of the two forces downwards and upwards which act 
upon the body. 

The downward force being the weight of the solid, acts in a 
direction pointing perpendicularly downwards from its centré 
of gravity.* The direction of the npward force is not, however, 
Bo obvions. It is to be considered that the liquid presses upon 
the solid exactiy in the same manner as it would press upon the 
liquid whose place the solid occupies. Now it is certain, that 
if the space in the Hquid, occupied by the solid, were occupied 
by the liquid which Ûie solid has displaced, that liquid would 
remain at rest. Consequentiy, the downward pressure of that 
liquid would be neutralized by the upward pressure of the sur- 
rounding liquid. Therefore, whatever that upward pressure be, 
it must be equal to the downward pressure of the liquid dis- 
placed by the solid, and it must act upward in the same line as 
the latter acts downward. But it is easy to perçoive that the 
downward force of the liquid displaced by the solid is equal to 
the weight of such liquid, and acts perpendicularly downwards 
from the centre of gravity of such liquid. Hence, it is évident 
that the upward pressure which acts upon an immersed solid ia 
equal to the weight of the liquid displaced, and that it acts di- 
rectiy upwards in a line firom the centre of gravity of the liquid 
so dijsplaced. 

This may be also explained as follows : — Suppose the place 
which the solid occupies in the liquid to be filled by another 
solid of uniform density, and whose weight is equal, bulk for 
bulk, to that of the liquid. Such a soli^ as fàr as relates to 
any effects of weight or pressure, is équivalent to the liquid 
whose place it occupied ; and as that liquid would in its situa- 
tion remain at rest, it wÙl also remain at rest. • Hence, it ap- 
pears that the upward pressure upon it must be directed in the 
same line as that in which its weight is directed downwards ; 
but this direction is that of the perpendicular line passing 
through its centre of gravity. It is évident that the upwud 
pressure against such a solid must be the same as against any 
other solid, the immersed part of which occupies exactiy the 
same place ; and therefore it may be inferred ffenerally, that 
the upward pressure is in the direction of a line drawn durectiy 
upwards from the centre of gravity of that part of the solid 
which is immersed, the density of that part being, like the liquid, 
supposed to be uniform. 

Let A B C D be a solid immersed in a liquid, either partially, 
as in fig, 52., or totally, as in/^* 53. Let E be the centre of 
gravity of the solid, and let £/ be the centre of gravity of the 
fiquid which the solid displaces. The weight of the solid acts 

* Cab. Gye. Mechanies, ehap. ix. 



downwards in the directioa E F, and tbe preaaure of thé nir- 
Tounding liquid acts upwaida in the direction E' F'. Tbeae 
twolinea are botfa peipendicular to the sni'&ce'Of the liquid; 



thej are in the vertical direction, and are paiallel ta each other. 
It ia évident from the position of thèse lines, that whether the 
doimward and upward forces be equal or unequal, thejr hftve a 



tendency to make the aolid revolve or roll in the direction 
A D C B. If the downward and upward ToiceB be uneqml, tbis 
rolling motion will be accompanied by an aecent oi descent of 
the solid in the liquid, according as the upward or downward 
force prédominâtes ; and if the; be equal, no vertical motion 
will aocompany the revolvin^ one. 

Let us now suppose the position of the solid inunersed to bè 
such, Ihat the pointa E and £' shall be in a straigfat line perpen- 
dicular to the surface of the fluid. Inthis case the point Emay 



either be above E', as in fig. 54. and fg. 55., or below it. In 
either case the contiar; forces iioward and downward are di- 
lectly opposed to each other, and nave no tendency to prodnce 



If the immoraion be such in thèse ca«ea that the liquid dis- 
placed ia equ»l in weight to the soUd, no motion whatever wjll 
take place, and the solidwill be inabsolute equilibrium, ueither 
rising, sinking, nor rolling. 



ie9.) A eobd immeraed in a 1i<}uid ma; bave several distinct 
positions of equilibrium, pcaseasing ail the varions cbaracters 
of sl^ility, instabilité, and indifférence, expluned in Mêchân- 



IC8.* It has been just shown that wltatever specieH of equilib- 
rium the body ma.; be in, it ia an indiapeiisable condition, that 
the Une drann from its centre of erevitj to the centre of gravity 
of the liquid which it diaplaces, ^ould be perpendicular to the 
sur&ce of the liquid, or in other worda, that it ahould be in the 
direction of a plumb line. If this be the caae, the aolid will 
be in equilibrium; but to diatinguish [he peculiar kind of eqni' 
librium in whicb it will be placed, it is neceasary to attend to 
other circumatances. 

If the figure and poaitioa of the aolid be auch, that upon a 
slight change of positiou, by which it atill diaplaces ita .own 

• Csli. Cjc. Uacliuii», (1S9.) tt H(. 
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weisfht of fluid, its centre of gravity takes a higber position 
than it had when in equilibrium, then the equilibrium will be 
stable ; because tbe centre of gravity baving always a tendency 
to descend will retum to its former position, and will oscillate 
from side to side of that position, until the solid, by its friction 
with the fluid, at length attain a state of rest Such is the 
character of stable equilibrium. 

If the position of the solid in equilibrium issuch that a slight 
disturbance, which still causes it to displace its own weight of 
liquid, will make the centre of gravity take a lower position, 
the body wDl not retum to its former position of equilibrium, 
nor will it oscijlate from side to side of that position as in the 
former case ; for to do so it would be necessary that the centre 
of gravity should ascend, an efTect which is contrary to its char- 
acteristic property. 

The centre of gravity will therefore continue to descend 
untU it gets into another position, such that the line joining it 
with the centre of gravity of the fluid which it displaces shaQ 
be perpendicular to the surface of the fluid. Any disturbance 
from this position must necessarily cause* the centre of gravity 
to ascend, and therefore this is -a position of stable equilibrium. 

The shape and position of the body ma^ be such, that, what- 
ever be the position in which it displaces its own weight of the 
liquid, the élévation of its centre of gravity will be Oie same : 
in other words, any motion which it may reçoive, allowing it 
still to displace its own weight of liquid, will cause its centre 
of gi^vity to move in a horizontal plane, and, as in this case the 
centre of gravity neither ascends nor descends, it will rest in 
equilibrium in ail positions.^ Such is the state of indiffèrent or 
neutral equilibrium. 

(70.) If the solid be totaUy immersed, the liquid which it dis- 
places will be equal, both in shape and bulk, to the solid, and 
the centre of gravity of this liquid will therefore be the same 
as the centre of gravity of the solid, if the latter hâve, like the 
former, a uniform density ; but if the solid be heavier in one 
part than in another, which would be the case if différent parts 
were composed of différent materials, then the centre of gravity 
of the solid will not be in gênerai in the same place in whicn 
it would be if the solid were of uniform texture, and therefore 
will not coincide with the centre of gravity of the liquid dis^ 
placed. 

If the centre of gravity of the solid bave that situation which 
it would bave if the texture of the solid were uniform, then 
upon total immersion the pofnts marked E and E^, in^^. 53., 
will be one and the same, and the lines E F and E' F' can never 
be parallel to each other whatever be the position of the. body 
in the liquid, but will always be directly and immediately op- 
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posed. Hence the downward an*d upward forces, the directions 
of which are expresaed by those lines, can never act in such a 
manner as to cause the body to revolve, but can merely give it 
a tendency to ascend or descend in the liquid without any other 
change of position. If in this case the weight of the solid be 
equaf to that of its own bulk of the liquid, it wiU be suspended 
in equilibrium in any^osition whatever when it is totally sub- 
merged. In this case the solid, when totally submerged, is 
always in a state of neutral equilibrium. 

If the centre of gravity of the solid be not in that situation 
which it would hâve if the solid were of uniform texture, then 
its position wîll not coincide with that of the liquid whose place 
it, occupies when totally submerged. If the weight of the 
solid be equal to thsit of its own bi^k of the liquid, there are in 
this case only two positions in which, when submerged, it wi}} 
be in equilibrium. Thèse are the positions in which the centre 
^ of gravity of the solid is immediately above and immediately 
below the centre of gravity of the liquid whose place it occu- 
pies. . If the centre of gravity of the solid be immediately 
above that of the liquid msplaced, it is in the highest position 
which the circumstances of aie case admit it to hâve, and there- 
fore, the least disturbance must cause it to descend, which it 
will continue to do, until it takes the other extrême position in 
which it is inunediately below the centre of gravity of the liquid 
displf^:ed. The fonner, therefore, is the position of instable 
equilibrium, and the latter, of stable equilibrium. 

(71.) Thèse various eifects of total submersion may be easily 
verified experimentally. Let a hoUow brass bail be provided 
with a small weight within it, movable by a screw, in such a 
manner, that the centre of gravity of the bail may be made at 
" pleasure, either to coincide with its centre, cfr to take other 
positions at any distance from its centre ; and let the weight of 
the bail be so adjusted that it shall be equal to the weight of 
the liquid which it displaces. ^ 

First, let the oentre of gravity of the bail be so adjusted as 
to coincide w^tb its centre. It is évident that it will thus hâve 
the same position, as the centre of gravity of the liquid which it 
will displace, If the bail be now totally submerged in the liquid, 
it will he found that it will reat in any position whatever, in 
which it is plaoecl ; whatever point of the bail be presented 
downwards will remain sa 

Let the ser^w be now so adjusted that the centre of gravity 
of the bail shaU be at some distance from its centre, and let the 
bill be jbotally submerged. It will be fbund, if such a position 
bc given to the bail, that its centre of gravity shall be immedi- 
ately below its centre, the bail will remain steady in its posi- 
tion ; but if it be placed with its centre of gravity presented in 
9 
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any direction sideways, the bail wiU turn on its centre, and the 
centre of gravity wiU faU towards that position in which it is 
immediately under its centre, and the body will vibrate antil 
the friction of the fluid reduces it to a state of rest. If the bail 
be submerged in sach a position, that its centre of gravity shaU 
be inunediately above its centre, then the bail wiU remain in 
eqoilibrimn for an instant, while it sustains no disturbance ; 
but its balance will be tottering and instable, and will almost 
immediately be lest, and the bail will reverse its position,^ throw- 
ing its centre of gravity into the situation immediately opposite 
to that in which it was placed. 

(72.) But the conditions of stability are of much greater in- 
terest and practical importance in meir application to solids 
which are lighter, bulk for bulk, than liquids. In this case the 
<legree of immersion which produces equilibrium, is always 
partial, and the centre of gravity of the Ûquid displaced does 
not, as in the/former case, coïncide with the situation which the 
centre of mvity would hâve if the texture of the solid were 
uniform. Therefore a solid of uniform texture, or having its 
centre of gravity in the same situation as one of uniform tex- 
ture, will not float in equilibrium in every position. It will 
only be in equilibrium when the centre of gravity of the liquid 
displaced, shall be either immediately above or immediately 
below the centre of gravity of the solid. In this case, the situa- 
tion of the centre of gravity of the liquid displaced, will dépend 
on the shape of the body, and the part of it which is immersed. 

Of ail Uie various positions which can be ^ven to a solid 
lighter than the liquid, in which it will displace its own bulk of 
the liquid, if there be one in which tl\e centre of gravity will be 
lower than in any of the others, that one will be a state of 
stable equilibrium, and it will be one which the body will al- 
ways endeavor to attain whatever other position may be 
given to it. 

The shape of a body may be Such, that in whatever position 
it floats its centre of gravity will be at the same depth ; such a 
body is always in a state of neutral equilibrium ; the least dis- 
turbing force will cause it to change its position, and it will re- 
main in any new position which may be given to it 

Let the hcJlow brass bail already described, hâve its weight 
so adjusted, that it shall be lighter, bulk for bulk, than water ; 
and let the screw be moved until its centre of gravity coïncides 
with the centre of the bail. From the round form of the bail 
it is évident that, in whatever position it is immersed, it will be 
at the same depth when it bas displaced its own weight of 
water. -Therefore its centre of gravity will in this case be at 
the same height or depth in every possible position in which it 
can float It will be found, therefore, that it will float on the 
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water steadily in any position in which it is placed ; it will be 
in a State of nentral equilibrium. 

Let the screw be now so adjusted as to remove the centre 
of gravity firom the centre of the bail, it will be foand tfaat it 
wilf only float steadily when the centre of gravity is immedi- 
ately below the centre of the bail ; it will tam firom any other 
position, and setde itself into this. If it be placed so Jhat the 
centre of gravit^ is directly over the centre of the bail, the 
equilibrium will be momentary, and upon the alightest change 
of position the bail will be overtumed, and the centre of gravity 
will settle itselfimmediately below the centre of the baU. 

(73.) From tiiese observations, it will be apparent that any 
body, the parts of which bave différent weights, will only float 
steadily when the heavier parts are immersed ; for the centre 
of gravity is always situated among thèse or near them, and 
thet«fore, when it bas the lowest position, thèse must also be 
placed in the lower parts of the body. 

A feat of dexterity bas been exhibited by a person walking 
on the surface of water^ having inflated bladders, orsome other 
bodies which are lighter, bulk for bulk, than water, attached to 
the feet. The body of the exhibiter is, in this case, in a state 
of inïitable equilibrium. His centre of gravity is directly over 
that of the water which he displaces, and his skiU consists in 
.keeping his centre of gravity balanced in that position. This 
feat may be facilitated by carrying a staff with an inflated blad- 
der tied at the end of it, by which three points of support may 
be occasionally commanded. 

For the same reason that buoyant bodies are in this case at- 
tached to the feet, they aje attached to the waist in the case 
of life-preservers. Their position and magnitude should always 
be regulated, so that the centre of gravity of the body* shall 
be in the lowest position when the person is upright. 

The weight of the several component parts of a ship and its 
cargo should always be so regulated that the centre of gravity 
of. 3ie whole should be at the lowest possible point, when the 
ship is in the upright position. 

Hence arises the necessity of ^towing the heaviest part of 
the car^o in the lowest possible position, and so that its centre 
of gravity shall be immediately over the keel ; in that case, any 
inclination of the vessel on either side would cause the centre 
of gravity to rise, to accomplish which would require the ex- 
ertion of a force proportionate to the weight of the vessel, and 
the height through which the centre of gravity would be so 
elevated. When a vessel is without a car^o, and empty, the 
weight of the masts and rigging might raise the centre of 

* That ig, the eommon centre of gravity of the haman body, and the baoyant 
•ubstAnce. — Au. Ed. ^ 
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gravity of the wfaole to such a height, as to render the equililH 
rium instable : hence, in such cases, it becomes necessary to 
introduce heavy bodies into the lower part of the vessel, to 
bring down the centre of gravity, and to give stability to th^ 
ship. Hence bodies used Toi this purpose are called balUisL 

The equilibrium of a boat may be rendered instable by the 
passengers standing up in it ; for, in this case, the weight of 
their tiédies may place the whole in the same predicament lui 
persons having bladders tied to their feet The sUghtest disr* 
turbance, under such circumstances, would overtom the boat» 

If the position of the centre of gravity of a vessel and her 
freight be not directly over the keel, the vessel will incline to 
that side at which the centre of gravity is placed ; and if this 
dérangement be considérable, danger mav ensue, The rolHng 
of a vessel in a storm, may so dérange the position of a loose 
cargo, that the centre of gravity may be brought into such a 
situation, that the vessel may be thrown on her beam ends and 
irretrievably lost 

When the centre of gravity is immediately over the keel, a 
side wind aoting on the sails will incline the vessel the oppo- 
site way ; this inclination would be much more considérable, 
were it not that the weight of the vessel, acting at the centre 
of gravity, counteracts it, and bas a tendency to restore the 
vessel to the upright position. The several forces which main** 
tain the vessel in the mclined position produced by a side wind, 
may be illustrated aa follows : — ^Let A B,^< 56., represent thQ 




position of the vessel ; let S represent the point at which the 
wind acts upon the sail, and let S W represent the direction of 
the wind : let E be the centre of gravity of the vessel and her 
cargo, and let E F be the direction in which her weight acts. 

Let C be the centre of gravity of the water which the vessel 
displaces, and E' F' the direction of the upward pressure. If 
the eifôct of the upward and downward forces at E and E', be 
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considered for a moment, it will be perceived that they hâve a 
teadency to incline tlie vessel to the side opposite to that to- 
warda wliich it is inclined by the wind. . By the principles of 
the resolution of force established in Mechanics,* the force 
S W may be replaced by three others, two of which being equal, 
and directly opposed to the downward and upward forces at E 
and £', neutrdize them ; and the third, actin^ parallel to S W, 
merely carries the vessel sideways perpendicûlar to its keel, 
producing what is called lee-way. 

In sailing vessels, this sideward inclination is a matter of 
comparatively slight importance, inasmuch aa it dpes not dimin- 
ish the impelling power of the wind : but in steam vessels, in 
which sails are occasionally used, it is attended with considéra- 
ble loss of the impelling power, one of the paddle wheels being 
lifted out of the water, and the other being almost, if not en- 
tirely, submerged. The upright position may, however, be 
generally maintained by the due management of movable 
weights placed on the deck of the vessel. In steam vessels, 
smaU carnages heavily laden with iron, and fumished with 
wheels, are usuaJly placed on the deck, and may be rolled from 
side to side, or placed in the middle, so as to regulate the po- 
sition of the centre of gravity according to the way in which 
the vessel is affected by the wind. By moving thèse carriages 
to the side of the vessel against which the wind is directed, 
the centre of gravity is moved from over the keel towards that 
side. Let E,^. 57., represent the place of the centre of grav- 

Fig. 67. 
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ity when over the keel, and let G represent the point to which 
the centre of gravity is transferred by moving the carriages to 
the side of the vessel ; let S be the point where the wind acts 
upon the sail S W ; the weight of the vessel acting at G, bas a 
tendency to make it incline towards M ; and the force of the 

* Cab. Cyc, Mcchanics, chap. v. 

9* 
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wind, acting at S in the direction S W, hàJs a tendency to make 
it incline towards L. Thèse two forces counteract each odier, 
and the vessel maintains it9 uphght position. 
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SPBCIPIC GRAVrriES. 

• 

DIFFERENT BEITSES OF THE TERM8 HEAVY AHD LIGHT. — WBI6HT AB- 
80LUTE AKD RELATIVE.— 8PEC1F1C G RAV ITT.— STANDARD OF COM- 
PARI80N FOR SOLIDS AND LK^UIDS.— FOR 6ASES.-— >DENSITT. — THE 
IMMERSION OF SOLIDS IN LK^UIDS GIVES THEIR SPECIFIC GRATITIES. 
— METHODS OF ASCERTAINING SPECIFIC GRAYltlES. — BTDROSTATIC 
BALANCE.— 4IKES'S HTDROMETER.—- NICHOLSON'S HTDROMETER. — 
DE PARCIEUX'fl HTDROMETERdO^METHOD OF DETERMININO THE 
CONSTITUENT PARTS OF COMPOUND BODIES. — ^ALLOTS OF METALS. — 
8PIRITS. — ADULTERATION OF MILK AND OTUER DOMESTIC LII^UIDS. 
— ^HIERO'S CROWN.^PENETRATION OF DIMENSIONS. 

(74.) In the preceding chapters, we hâve had fréquent occasion 
to compare the weights of différent bodies, bulk for bulk ; and 
not only in science, commerce, and the arts, but even in ordi- 
nary coUoquial intercourse, bodies are denominated heavier or 
lighter, according as the weights of the same bulk are greater 
or less. We say familiarly that lead is heavier than copper, 
and that copper is heavier than cork; yet it is certain that 
quantities of lead, copper, and cork may be taken which hâve 
equal weights. Thus, let us suppose a pound of lead, a pound 
of copper, and a pound of cork, to be ascertained and set apart ; 
.it is clear that thèse hâve equal weights, and that any two of 
them, placed in the dishes of a balance, would maintain equilib- 
rium. Yet still we do not cease to déclare that cork is lighter 
than copper, and copper lighter than lead. To perceive with 
précision what is meant in this case, let us suppose parcels of 
any three distinct substances placed before us, such as quick- 
silyer, water, and alcohol, and let it be proposed to ascertain 
which of thèse liquids is tiie heaviest : we shall take any meas- 
ure of the quicksilver, and, having weighed it, afterwards weigh 
the same measure of the water and of the alcohol successively. 
HavinfiT found that the measure of quicksilver is heavier than 
that of water, and water than that of alcohol, we shall immedi- 
ately conclude that quicksilver is a heavier îiquid than water, 
and that water is a heavier Iiquid than alcohol. We shall fonn 
this conclusion, even though the whole quantity of alcohol un- 
dcr examination shall weigh more than the quantities of the 
water or quicksilver. 

It appears, therefore, that when the weights of substances 
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are spoken of rèlatively to one another, without any référence 
to particular quantities or masses of them, the weights meant 
to be compared are those of equal bulks. 

A substance is sometimes said to be heavy or light, apparent- 
fy without référence to any other substance. Thus air is said 
to be a very light substance, and gold a very heavy one ; but, 
in such cases, a comparison is taciily instituted between the 
wéights, bulk for bulk, of thèse substances and those of the 
bodies which most.commonly fall under our observation. When 
we say that air is light, we mean tbat a ceT);mn bulk of air is 
much lighter than die same bulk of most of the substances 
which we commonly meet with ; and whén we say that gold is 
heavy, we mean that any portion of that métal is heavier than 
a portion of the same dimensions of the most ordinary substances 
that we meet with. This familiar use of a positive epithet 
to express a comparison between any quçlity as it exists in an 
individual instance and a similar quality as it exists in the 
average of ordinary examples, is very fréquent, and not confin- 
ed to the case just alluded to. We speak of a very tall man 
and a very high mountain, meaning that the man or moùntain 
in question bave much greater height than men or mountains 
commonly bave. A man of twenty years of âge is said to be a 
very young man, while a horse of twenty years of âge is de- 
clared to be a very old horse, because the average âge of man 
is much above twenty, and the average âge of horses below it 

From what bas been now explained, it a])pear8 that the term 
weight is applied in two distinct, and sometimes opposite sensés. 
A mass of cork may bave any assignable weight, as 100 tons. 
This weight is truly said to be considérable, and the mass is 
correctly said to be keatfy ; but yet the cork which composes 
the mass is said, with equal truth and propriety, to be a light 
substance. 

(75.) Tliese two ways of considering the weight of a body 
may be denominated abaolute and relative, The absolute weight 
df a body is that of its whole mass, without any référence to its 
bulk ; the relative weight is the weight of a given magnitude 
of the substance compared with the weight of the same magni- 
tude of other substances. The term toeigfdy however, is com- 
monly used to express absolute weight, whSe the reflative weight 
of a body is called its spee^ gravttf. 

The origin of this term is obvious. Bodies which differ 
in other qualities are found a}so to diflfer in the weights of 
equal volumes, Thus a cubic ineh of atmospheric air bas a 
weiffht différent from a cubic inch of oxygen, hydrogen^ or any 
of the other gases. The number of grains in a cubic inch of 
gold is différent from tbe number of grains in the cubic inch of 
platinum; Bilverj or any of the other metals. A cubic inch of 
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water contains a number of grains différent from a cubic inch 
of sulphuric acid, alcohol, or other liquids. Hence, it appears 
tbatthe weight of a given bulk of any substance, being différ- 
ent from thé weight of the same bulk of other substances, may 
be regarded as an index or test of its species^ and by the wcighfb 
of equal bulks bodies may be separated and arranged in species. 
Hence the term spec^ weight, or spécifie graviiy. 

(76.) When bodies are to be compared, in respect of any 
common quality, a standcard of comparison becomes necessary, 
in order to prevent an express référence to two bodies in every 
particular case. Tfaus, if we would express the height of any 
body without some standard measure, we could only do so by 
declaring it to be so many times as high, or bearing such a 
proportion tothe height of some other body. But a S)ot, or a 
vard, being known lengths, it is only necessary to state that the 
height of the body is so many feet, or so many yards. In like 
manner, if we would express the spécifie gravity of lead, we 
should State that it had such a proportion to the weight of some 
other body, the weight of a certain bulk of which is known. 
But if one substance be selected, to which, as to a standard, ail 
others shaQ be referred, then the spécifie gravity of any sub- 
stance may be expressed simply by a number which bas the * 
same proportion to one or the unit as the weight of any bulk of 
the substance in question has to the weight of an equal bulk of 
the standard substance. 

The body selected as the standard or unit of spécifie gravity 
should be one easily obtained, and subject as little as possible 
to variation by change of circumstances or situation. For tlûs 
purpose water possesses many advantages ; but, in deciding the 
State in which it is to be considered as the standard, several 
circumstances must be attended to. 

First, The water must be pure, because the admixture of 
«other substances will affect the weight of a given volume of it ; 
and since at différent times, and in différent places, water may 
hâve différent substances mixed with it» the standard would 
vaxy, and therefore the spécifie gravities of substances ascer- 
tained with référence to it at dînèrent times and places would 
not admit of comparison. Thus, if the proportion of the weight, 
bulk for bulk, of gold to the weight of the water of the Seine 
were ascertained at Paris, and the weight of finother spécimen 
of that métal rclatively to the water of the Thames were ascer- 
tained at London,<he spécifie gravities of the two portions of 
métal could not be inferred unless it were previously known 
that the water of the Thames and the water of the Seine were 
composed of the same ingrédients, or if not, unless their rela- 
tive weiffhts, bulk for bulk, were previously determined. t That 
the standard therefore may be invariable, it is necessary that 
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aJl substances which may be combined with the water ehail. be 
eictricated. 

Such heterogeneous matter as may be suspended in the liquid 
in a solid state may be disengaged from it by filtration ; that is, 
by passing the liquid through a solid substance whose pores are 
smaller than the solid impurities to be extricated. If any sub- 
stances, be held in solution by the water, or be chemically com- 
bined with it, they may be disengaged by distiQation ; that is, 
by raising the température of the liquid to a point at which the 
water wiU pass oïï in vapor, leaving the other substances be- 
hind ; of , if those other substances vaporize at a lower beat, 
they will pass off, leaving the water behind : in either case the 
water will be separated &om the other bodies with which it is 
combined. It is évident that this latter process of distillation 
aJso serves the purposes of the former one of filtration. 

Sécondly, The water being thus obtained in its pure state, 
and free firom admixture with any other substance, it is to be 
considefed whether there be any other cause which can make 
the same bulk of the liquid weigh diâerently at différent times 
and places. We hâve already more than once alluded to the 
way by which bodies are affected in changes of température. 
Ëvejy increase of température, in gênerai, produces an increase 
of bulk, and therefore causes a given volume, as a cubic inch, 
to weigh less. Hence, in comparing the weights, bulk for bulk, 
of any substances, at dlflTerent times or places, with the weight 
of pure water, the results of the investigation would not admit 
of comparison unless the différent states of the water with re- 
spect to température were distincUy known. In addition, there- 
fore, to the purity of the water taken as a standard, it is expé- 
dient that some fixed température be adopted. It has been al- 
ready explained that water, as it decreases-in température, also 
contracts its dimensions until it attains the température of about 
40^ ; it then a^ain begins to e^pand : at this température of 40^ 
it is therefore m its least dimensions, and it is known that when 
the water is pure, its state at this température is independent 
of time, place, or other circumstances ; it is the same at ail 
parts of the earth, and under whateyer circumstances it may be 
submitted to experiment. 

The température at which pure water has its dimensions most 
contracted is called the state of greatest condensation, because 
then the mass of the liquid is reduced to the smallest possible 
dimensions, aiid its particles hâve the greatest possible proximity. 

The weight of a given bulk of distiUed water in the state of 
greatest condensation is, therefore, the standard of spécifie 
gravity,* 

* Thitt i» the he»% standard, though wator at the teipperature of 60° bas been more 
generally adopted by Eoglisli philosophera.— < A h. Ed. 
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As it may not be always convenient to obtain water at this 
température, when expérimenta on spécifie gravity are to be 
made, numerical tables hâve been constructed expressing the 
change of weight which a givên bulk of water sustains with 
eveiy change of température ; so that when the spécifie gravi- 
ty of any substance has been found with référence to water at 
any proposed température, it may be reduced by a simple pro- 
cess of arithmetic to that which would hâve resultéd, had it 
been compared, in the first instance, with water at the tempér- 
ature eorresponding to the state of greatest condensation. 

(77.) If the bulk of 1000 grains of pure water,* at the tem- 
pérature of 4kO° of Fahrenheit's thermometer, be ascertained, 
the number of grains in the same bulk of any other body will 
express its spécifie gravity, that of water being 1000 ; or if the 
spécifie gravity of water be expressed by 1, the spécifie gravity 
of other substances will be expressed by a thousandth part of < 
the former numbers. This only requires that three décimal 
places should be takcn. Thus it is found that a volume of gold, 
equal in bulk to 1000 grains of water, weighs 19,250 grains. 
Therefore, if 1000 be the spécifie gravity of water, 19,250 will 
be that of gold ; or if 1 be the spécifie gravity of water, the 
thousandth part of 19,250, which is 19^, will be the spécifie 

fravity of gold ; which, expressed by the décimal notation, is 
9«250. A vessel which would be fiUed by a thousând grains 
of water would contain 19,250 grains of gold. 

Bodies which exist in the gaseous or aëriform state are so 
much lighter than water, that it is ^enerally found expédient to 
refer them to another standard, which has a known relation to 
water : their spécifie gravities in relation to water would be 
expressed by numbers ' ineonveni^ntly small. The standard 
usually seleeted for bodies of this form is atmospherie air ; and 
to it the spécifie gravities of ail bodies in the gaseous, aëriform, 
or vaporous state are referrcd, in the same manner as bodies in 
the solid or liquid are referred to water. 

Observations respecting this standard of gaseous spécifie 
gravity may be made similar to those already given respecting 
the liquid standard ; but, in the détermination of the spécifie 
gravities of gases, there are many circumstances to be attended 
to of too délicate and eomplieated a nature to admit of being 
explained, with any degree of détail, in a treatise designed for 
popular use. We shall, however, notice some of them slightly 
as we proeeed with the subject. 

Atmospherie air is still more susceptible of changes in its 
volume, arising from change of température, than any bodies in 
the liquid or solid form. It is, therefore, the more necessary, in 

* It may be convenient to remember that a cubic foot of pure water at the tem- 
pérature of 60° weighs, with great précision, 1000 ouncat avoirdupois. 
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fixing the standard, that the température should be settled. 
The température wliich has been selected for this purpose is 
that of meltîng ice, which corresponds to 329, or the ft^ezing 
ppint, of Fahrenheit's thermometer ; this being a point which is 
mdependent of the arbitrary divisions of thermometers in différ- 
ent countries. 

The only cause which can affect the dimensions of a givon 
weight of pure water is the température to which it is exposed. 
Although it is not absolutely incompressible, nor inelastic, yet 
it will undergo no sensible change of dimensions by any change 
of pressure to which, under ordinary circumstances, it is liab&. 
Therefore, in fixing the state in which itis to be regarded as a 
standard of spécifie gravity, ail variation of extemai pressure is 
disregarded. The case is, however, altogether différent with 
atmospheric air, which is sensibly affectedjn its dimensions 
even by the slightest change in extemal pressure. While the 
température of this fluid remains the same, the dimensions 
which a ^ven weight of it occupies may be subject to changes, 
almost without ahy assignable limit, and independently^ of any 
change of température. To fix the stàte of atmosphenc air, in 
which it shall be considered as a standard of spécifie gravity, it 
is necessary to déclare the amount of the pressure to which it 
is subject. The pressure selected by Biot, who has investigat- 
ed the spécifie gravities of gases with great success, is one 
which is equal to the pressure of the atmosphère when the ba- 
rometer stands at six hundredths of an inch below 90 inches.* 

The weight of atmospheric air and other gases is also affect- 
ed by the quantity of moisture which they hold suspended. 
An instrument, called a hygrometer, has been contrived for the 
purpose of showing the relative state of gaées with respect to 
this moisture. A due attention to the indications of this instru- 
ment is therefore also necessarv to settle the state in which 
atmospheric air is to be regarded as the standard. 

The state of the standard being then settled, the dimensions 
of 1000 grains of atmospheric air are determinéd. The num- 
ber of grains, and fractions of a grain, of any other gases filling 
the same dimensions, will express their spécifie gravities, that 
of the standard being 1000. In order to ascertain the spécifie 
gravity of any gas with référence to water, it is only neces- 
sary to consider the spécifie gravity of the standard, atmospheric 
air, in référence to water. A portion of the former, equal; in 
bulk to 1000 grains of the latter, will weigh one grain and 22 
hundredth parts of a grain. 

(78.) From ail that has been explained, there are several in- 
ferences which may be made respecting the relation betweon 

* This will be v^e eaaily comprehended afler our treatiie on Pneumatics has 
been studied. 
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tho weights and bulks of bodies, which will be ,foand nseful in 
ail investigations which relate to spécifie gravity. 

If two bodies bave equal magnitudes, their absolute weights 
will be in the same proportion as their spécifie gravities. Thus, 
suppose a certain bulk of copper weighs 7600 ounces, and' the 
same bulk of brass weighs 7824 ounces, then the spécifie grav- 
ities of the two metaJs will be in the proportion of thèse two 
numbers, because both are related to the same standard, vfz. 
water; and, in fact, the magnitude of 1000 grains of water 
is equal to that of 7600 grains of copper, and to 7824 of brass. 

If two bodies hâve equal absolute weights, then their spécifie 
gravities will be in what is called the inverse proportion of their 
magnitudes ; that is, the body which has the greater magnitude 
will bave a spécifie gravity as much less than the other as its 
magnitude is greater. Suppose A and B are two bodies of 
equal weight, the dimensions of A being twice those of B. If 
A be divided into two equal parts, each will bave a bulk equal 
to that of B, and therefore the spécifie gravities of the two 
bodies will be in the same proportion as the weight of half of 
A is to the weight of B. But the weight of B is equal to the 
weight of A, and therefore the spécifie gravity of A is in the 
same proportion to that of B as the weight of half A is to its 
whole weignt Hence, the spécifie gravity of A is half the 
spécifie gravity of B, wbile the dimensions of B are half the di- 
mensions of A. Thus the dimensions and the spécifie gravities 
of, bodies are oppositely related when their absolute weights 
are the same. 

From the two properties just explained, it appears that the 
spécifie gravity of bodies may be ascertained either by deter- 
mining &e exact dimensions of quantities which bave equal 
weights, or the exact weights of quantities which bave equal 
dimensions. 

(79.) It has been seen that the spécifie gravity of every body 
changes with its température, because the change of tempéra- 
ture necessarily infers a change of dimensions. But an inquiry 
naturally présents itaelf : Does not the increase of dimension, 
produeed by imparting beat to a body, arise from the body re- 
ceiving an additional quantity of matter insinuated through and 
among its particles, so that in its altered state it ought to be 
viewed not as the original mass with inefeased dimensions, but 
as a compound of the original body, and a new portion of mat- 
ter added thereto ? This inquiry is tantamount to the question, 
whether the principle of beat be material. Nothing has been 
supposed in this case to be impartèd to the body except beat ; 
and the beat so impartèd has at least exhibited one essential 
quality of matter, viz. the occupation of space, sinee it has foreed 
asunder the constituent particles of the origiiAI body, which 
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it h»0 penetrated, and compelled them to stand at a greater dis- 
tancé to make way for its admission. It is tnie that this effect 
may be imagined to bé produced in other ways beside supposinff 
the particles of hoat to be material ; bat, however it be produee^ 
the fact is certain, that when beat pénétrâtes the dimensions of 
a body, or, if we may be allowed the phrase, when it is mixed 
with a body, the dimensions of the compound suffer an increase 
in the same manner as the dimensions of any two fluids, as wa- 
ter and alcohol when mixed together are greater in bulk than 
the water was existing separately. 

The question, whether the increase of ipagnitude, caused by 
raising the température of a body arises fi*om its having receiv- 
ed any addition of a material substance to its mass, can only 
bé decided by previously fixing some one quality which will be 
regarded as inséparable from matter, and therefore the prés- 
ence or the absence of which being ascertained will décide the 
présence or the absence of the adcutional portion of matter un- 
der inquiry. 

The quality which seems best adapted for such a test is weigbt ; 
and l^e question, whether the increased dimensions of aheated 
body proceeds from its having received any increase of pondér- 
able matter,. becomes one which is to be decided by direct ex- 
periment. Expérimenta to ascertain this fact hâve been insti- 
tuted, attended by every circumstonce which could contribute 
to ensure accurate results. The same body, at différent tem- 
pératures, and therefore under différent dimensions, bas been 
accurately weighed, but no change of weight bas been observ- 
ed. We.are, therefore, entitled to conclude that, whatever be the 
nature* of the principle which giyes increased dimensions to a 
body whose température is raised, whatever it be which fills the 
increased interstitial spaces from which its constituent particles 
are expelled, it is not a pondérons substance, — ^it is not one on 
which the eaxth exerts any attraction, — ^it is not one which if 
unsupported would ftll, or if supported would produce any 
pressure on that which sustains it. 

It foUows, then, that Ihe change produced in the spécifie 
gravity of a body, by any change in its température, dépends 
solely upon the change produced in its dimensions, and not 
upon any change which takes place in its weight. We are, 
therefore, entitiod to conelude, that the spécifie gravity of any 
body at différent températures is vnoerady as its magnitude; 
that is, in the same proportion as the dimensions of me body 
are increased by beat, in Ihat proportion exactly is its spécifie 
gravity diminished. ' '■ 

(80.) Density is the tenu used to dénote the proximity or 
closeness of the constituent particles of any body to each other, 
and the density of a body is said to be umform when its con- 
10 
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stituent particles are uniformly and évenly distributed through 
its dimensions, so that the same number of particles occupy t£e 
same spaxïe in every part of its magnitude. This is the ordi- 
nary notion of density ; but it is one which, strictly speaking, 
is unph^osophical, because it is founded upon the supposed ex- 
istence of ultimate constituent particles, or molécules of bodies, 
the aggregate of which form their mass. However probable 
the existence of such molécules may be, they are not within the 
sphère of sensible observation, nor ean their number or magni- 
tude' under any circumstances be ascertained. In a strictly 
âcientific sensé, the tenu density can be regarded as scarcely 
différent from spécifie OTavity. A body is more or less dense 
when a given volume of it contains more or less pondérons mat- 
ter, and it is uniformly dense when eqUal magnitudes of it, how- 
ever small, in every part of its dimensions hâve equal weights. 
When any body suffers a change of dimensions, either by ex- 
temal pressure, or by the effects of beat, since it still contains 
the same quantity of pondérable matter, its density must be in- 
creased in the same proportion as its bulk is diminished, or vice 
versa. In whatever sensé the term density be-used, this is ob- 
vions ; for if it be supposed to refer to constituent particles, or 
atoms, it is évident that the same particles exist in the différent 
States with a greater or lesser quantity of space between them. 

If the term density be applied to bodies of différent kinds, 
such as silver and gold, it can only be used with strict propriety 
synonymously with spécifie gravity. If it hâve any référence 
to the proximity of constituent particles, and in that sensé the 
density of gold be déclare d to hâve the same proportion to that 
of silver as the weights of equal magnitudes of thèse metals, it 
will be evidently imi)lied, that the ultimate constituent particles 
of the gold are equal in magnitude to those of the silver, but 
that nineteen particles of the former are included within a space 
equal to that which contains only ten particles of the latter ; 
thèse numbers being taken to represent the spebific gravities 
of those metals. The hypothesis on which such conclusions 
as this are founded is not necessary in physical investigation ; 
and, indecd, the term density is rarely used, except'when it is 
applied to the same body when subject to a variation in its di- 
mensions. 

(81.) In the effects produced by the immersion of solids in 
liquids, we find many relations developed between the weights 
and buJks of the solids and of the liquids in which they are im- 
mersed. Such effects, therefore, bave a necessary connection 
with the spécifie gravities of thèse classes of bodies ; and when 
properly examined, it will be found that they will lead directly 
to practical methods of ascertaining the spécifie gravities of 
bodies, both in the solid and liquid state. 
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It bas been shown that a solid, heavier, buiJc for bulk, than 
a liquid, will sink in the liquid, jind that its apparent weight 
when immersed will be less than its true weight, by ^e weight 
of the liqnid which it displaces. As the weight of the soBd, 
and the weight which it loses by immersion, are the weights of 
equal magmtudes of the solid and liquid, Uiey will be propor- 
tional to their spécifie gravities. Hence we infer, 

1. That a solid will sink in any liquid which is specifically 
lighter than it 

S. That the spécifie gravity of the solid bears to that of the 
liquid the same proportion ^s the weight of the soUd bears to 
the weight which it loses by immersion. 

(8S.) If a solid be lighter, bulk for bulk, than a liqtiid, it will 
float on the surface, displacing as much liquid as is equal to its 
own weight. It bas been proved that when bodies hâve equal 
weights, their spécifie gravities are in the inverse proportion of 
their dimensions. (78.) Hence we infer, 

1. That a solid will float on the surface of any liquid which 
is specifically lighter than it 

2. That the spécifie gravity of the solid bears to that of Uie 
liquid the same proportion as the part of the solid immersed 
bears to its whole dimensions. # 

(83.) It bas been proved that if the weight of a solid be equal, 
bulk for bulk, to that of a liquid, it will remain suspended when 
totally immersed, neither rising nor sinking. Hence it appears 
that this phenomenon is an indication that the spécifie gravities 
of the solid and liquid are equal. 

(84.) If the same solid be successively immersed in différent 
liquids which are specifically lighter than it, the weights which 
it will lose by immersion in each of them will be the weights of 
portions of the several liquids, equal in bulk to the sohd, and 
therefore equal in bulk to each other. Thus if a solid, measur- 
ing a cubic inch, be successively immersed in water, sulphuric 
acid, and alcohol, and the weights which it loses in each be ob- 
served, we shall obtain the weights of a cubic inch of each of 
thèse liquids. Thèse weights will therefore be in the propor- 
tion of the liquids severally. IJence we infer, — 

" That a solid, successively immersed in several liquids which 
are specifically Ughter than it, will lose weights which are pro- 
portional to the spécifie gravities of the several liquids." 

(85.) If a solid which is lighter, bulk for bulk, than several 
liquids,'be made to float successively on their surfaces, it will 
displace portions of them which in leach case are equal to its 
own weight, and therefore equal in weight to each other. But 
it has been shown, that the spécifie gravities of bodies having 
the same weight are in thé inverse proportion of their magni- 
tudes. Hence we infer, — 
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'^That if the same body âoat successively on the surfaces of 
diff^ent liquida, the parts of il whicb are immersed in any two 
of them will be in the inverse proportion of the spécifie gravities 
of thèse liquids." 

Thus, if the liquida be sulphuric acid and ether, the spécifie 
gravity of the sulphuric acid will hâve the ssme proportion to 
uie spécifie gravity of the ether as the portion of the solid which 
sinks in the ether bas to the portion of it which sinks in the 
sulphuric acid. 

(86.) If several solids, heavier, bulk for bulk, thon a liquid, 
be successively immersed in it, they will sustain losses of 
weight equal to the weight of the liquid which they severally 
displace ; consequently thèse losses will be proportional to the 
magnitudes of the bodies. If the solids be previously so ad- 
justéd as to be equal in weight, the spécifie gravities of an^ 
two of them wiÙ be in the inverse proportion of their magm* 
tudes. (78.) Hence we infer, — 

" That solids of equal weight immersed in the same liquid, 
which is specifically lighter than them, lose weights which are 
in the inverse proportion of the spécifie gravities." 

Thus, if an ounce of silver and an ounce of gold be immersed 
in water, the weight lest by the ^old will bear the same pro- 
portion to the weight lost by the silver, as the spécifie gravity 
of the silver bears to the spécifie gravity of the gold. 

(87.) If several solids which are lighter, bulk for bulk, than 
a liquid, fioat upon it, they will displace portions of the liquid 
equal to their own weight ; thereforc the parts of them which 
will be immersed will be proportional to their weights. In this 
case, therefore, if the solids hâve equal magnitudes, the parts 
immersed wUl be in the same proportion as their spécifie grav- 
ities. 

(88.) It bas been proved, that when dififerent liquids hâve 
been placed in communicating vessels without mixin^ with 
each other, their surfaces will rest at différent levels, and that 
the heights of thèse levels respectively above the surface at 
which they meet are greater in proportion as the liquids, bulk 
for bulk, are lighter. Let A B Cjfg» 58., be a tube, as describ- 

Fig. 58. 
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eû ift (67.), containing two liquida of différent weiffiits, bulk for 
Inilk, or of différent spécifie gravities. It bas been already 
proved, that wben they are at rest, tbe beigbt S N will bave tbe 
same proportion to tbe beigbt P M as tbe ireigbt of a given 
bnik of tbe beavier liquid to a weigbt of tbe same bulk of tbe 
ligbter ; bence it appears tbattbe beights of tbe surfaces O and 
W, of th^ two liquids above tbe level of tbe surface S at wbicb 
tiiey meet, are inversely as tbe spécifie gravities of tbe liquids. 
Tbus, if S O be oil, and S B W be water, tben tbe spécifie 
gravity of water will bear tbe same proportion to tbe spécifie 
gravity of oil, as tbe beigbt S N bears to tbe beigbt P M. 

(89.J Tbe metbods of practically determiiiing tbe spécifie 
gravities of bodies dépend upon the properties wbicb bave been 
just explained. Tbe détails must, boweVer, be différent for 
différent bodies, and must be suitable to tbeir peculiar forms and 
properties. 

The spécifie gravity of a solid wbicb is not soluble in water, 
and wbicb is specifically heavier than that liquid, may be de- 
termined by observing the weight wbicb it loses by immersion. 

The proportion which this weigbt bears to tbe actual weight 
of the solid, will détermine the spécifie gravity. 

Example, — A pièce of pure gold, cast and not bammered, 
weighing 77 grains, is immersed in water, and is observed to 
weigh only 73 grains ; it therefore foUows, that it displaces 4 
grains of water. The proportion, therefore, of the weights of 
eqùal magnitudes of the métal and the water is 77 to 4, or 19| 
to 1. Hence 194 is the spécifie CTavity of gold, 1 expressing 
the spécifie gravity of the standard liquid. ' 

Examjde, — A pièce of flint glass, weighing 3 ounces, is im- 
mersed m pure water, and observed to weigh only 2 ounces. 
Hence the weight of tbe water which is displaced is 1 ounce. 
The spécifie gravity of tbe glass is therefore 3. 

(90.) W the solid be soluble in water, this metbod cannot be 
practised. In this case the solid may be defended from the 
water by a vamisb, or a thin coating of wax, or some other sub- 
stance not affected by the water. The spécifie gravity of salts 
and like substances may be thus found. As, however, the coat- 
ing used in this case produces an increasc of bulk, the solid, 
when immersed, Will displace more than its own bulk of water. 
The weigbt of the solid, if ajscertained without the coating, 
will bear a less proportion to the loss of weight than it does to 
its own bulk of water ; and therefore, tbe sppeific gravity ob- 
tained from such an expérimenta would in this case be too 
small.* But if the wefght of the solid be ascertained aHer the 

• 

* This will dépend whoUy upoa the apecifio gravity of the eoatiiic. If this be 
the aamo as that of water, it wiU not affect tbe water weigbt of tl|e body ; for the 
coating will hâve the tame effect as the water displaced by it j and as snob coat- 

10* 
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coating is put on, then the spécifie gravity which is obtained is 
not the spécifie gravity of the solid, but of the solid and coating 
together. Where great accuracy is not required, the effect 
produced by the coating may be neglected ; t)ut if the resuit is 
to be obtained with a high degree of accuracy, the foUowing 
method is préférable : — Find the proportion of the spécifie grav- 
ity of the solid to that of some liquid in which it is notsoluble, 
and which is.spécifically lighter than it. This may be done by 
obs^rving the weight of the solid and the weight which it loses 
by immersion. Then find the spécifie gravity of that liquid 
with respect to water by the method which shall be hereaAer 
explained. 

If the solid consist of many minute pièces^ or be in the fonn 
of powder, a cup to receive it ought to be previously suspended 
in the water, and accurately counterpoised. 

(91.) To détermine the spécifie gravity of a solid lighter than 
water, let the part immersed when it floats on water be t>bserv- 
^d, the proportion whieh this bears to its whole magnitude, 
wiîl be that of its spécifie gravity to the spécifie gravity of 
water. (82.) 

When the solid floats, the proportion of the part immersed 
to the whole bulk, may be ascertained in the following manner : 
— Let tlie vessel which contains the water hâve perpendicular 
sides, and be as narrow as the magnitude of the solid will ad- 
mit. Let the point on the vessel which marks the surface be- 
fore immersion be observed. Let the point to which the surface 
rises, when the solid floats, be next observed ; and, finally, let 
the solid be totally submerged, and the point to which the surface 
then rises observed. The élévations of tiie surface produced 
by the partial and total submersion, indicate the portions of the 
solid in each case immersed, and are therefôre in the ratio of 
the spécifie gravity of the solid to that of the liquid, 

There is another method of ascertaining the spécifie gravity 
of a solid lighter than water, which ought to be notieed hère. 
Let the solid whose spécifie gravity is to be ascertained, be at- 
tached to another which is heavier than water, and of such a 
magnitude that the united weights of the two will be greater 
than the weight of wat^ which they displace ; they will there- 
fôre sink when immersed. The weight of the whole being 
observed, let the weight which they lose by immersion be 
noted ; this will be the weight of as much water as is equal in 
magnitude to the united bulks of the solids. Let the lighter 
solid be then detaehed, and let the weight which the heavier 

inç ean be eosily preparod, the spécifie gravity may be accurately detennined by 
this method. But without this précaution, the spécifie eravity obtained bv this 
method majr be either greater or less than the true npecinc gravity, according as 
tha coating is specifieally heavier or lighter than water. — ^Am. £p. 
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loses by immersion be ascertained ; this will be the wei|^t of 
as much water as is equal in bulk to the heavier solid. if this 
loss of weight be subtracted from the loss sustained by tho 
combined masses, the remainder will be the weight of as much 
water as is equal in bulk to the lighter solid : the proportion of 
the weight oifthe lighter solid to this will détermine its spécifie 
gravity. 

(92.] There are several methods by which the specific gravi- 
ties 01 liquids may be found. 

If a solid specifically heavier than water, and also specifically 
heavier Uian the liquid whose spécifie gravity is to bè determin- 
ed, be successively immersed in water and in that liquid, the 
losses of weight wÛl be proportional to the specific gravities of 
water and the liquid. ' If the number expressing the loss of 
weight in the liquid be divided by the number expressing the 
loss of weight in the water, the quotient will express the spe- 
cific gravity of the liquid. 

Example. — A pièce of çlass, immersed in sulphuric acid, is 
observea to lose 3700 grams of its weight. The same solid, 
immersed in water, loses 2000 grains ; hence.the proportion of 
the specific gravity of the sulphuric acid to the specific gravity 
of the water is that of 37 to 20, or of 1850 to 1000: therefore 
if 1000 express the specific gravity of water, 1850 will express 
that of sulphuric acid. 

The spécifie gravity of a liquid may also be found by means 
of a solid which is specifically lighter than it, the same solid 
being also specifically lighter than water. Let the solid float 
successively on the two liquids, and observe tbe magnitudes 
of the parts immersed, which may be done by observing iJie 
change of level, if the vessels containing the liquids hâve equal 
bottoms, and perpendicular sides : the parts immersed will be 
inversely as the spécifie gravities. (85.)* 

Example, — ^The same solid floats successively on water and 
muriatic acid, and the proportion of the parts immersed is ob- 
served to be that of 10 to 12. Hence the specific gravity of 
muriatic acid is 12, that of^ water being 10. 

{93.) The specific gravities df liquids may be ascertained by 
observing the weights of two différent solids floatiiig on their 
surfaces with equd parts immersed. In this case the specific 
gravities will be proportional to the weights of the solids. But 
perhaps the most direct method of determining the specific 
gravities of bodies, as well in the liquid as in the gaseous state, 
is by actually wBiffhing them in a flask or bottle of known mag- 
nitude. Let sucn a one be provided with a stopper which 

* Henea a «bip will dmw more watar, i. e. aink ikrther, on entaring a tMk 
witer river, thtn whett ai •ea.— Am. £p. 
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nicely fita U, and tet it be fiUed with pure irater and veiffbed, 
&nd subsequentlv fUled with s.i)y other fluid and agsin weighed ; 
if the weight of the flask be exoctly known, tbe neight of ita 
contents maj in eech case be found. In thie manner the weight 
of air may be determined bj weighing the flaak first filled nitb 
air in the ordinuy state, and, subaequently, afler the air bas 
been abstracted from it, by the aîr-purap, an instrument which 
will be explained in a subséquent patt of thia voluine. It is 
thus aacertaîned that a cuhic foot of common atmospheric air 
weighs about 537 grains. This weight, liowever, fluctuâtes 
from causes alreaây alluded to, and which will hereafler be 
fii^ explained, 

The empty flask may in like manner be filled with any other 
species of g'as, and its weight relativeiy to that of aii may be at 
once determined. 

hutnimentt for Iht proeUcal nteaêuremait qfspcci/îc gmnitieê. 

(94.) The fonn and construction of instruments for determin- 
tng spécifie gtaritiea, vary accordiog to the degrce of accuracy 






loired in the results, and aceording to the nature of the 
' ~ ~ ' which they are intended to be applied. In scientific 
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investigations, where the most extrême Bcewtwcy is sought, the 
measurement of spécifie gravides is efiected by a very sensible 
balance furnished with certain additions, and mounted in a 
manner from which it bas received the name of thehydrostaHc 
btdance* 

A front view of the hydrostatU balance is represented in^. 
59^ and a side view in^. 60. The corresponding parts being 
marked by the same letters. A pillar, A B, fixed in a stand, C D, 
supports the instrument. On thé stand, placed in a horizontal 
position, is a screw S, which, tums in a fizéd nut at T. This 
screw is terminated by a bock, which holds the loop of a silken 
string, the two parts of which, passing in the grooves of wheels 
or roUers at P, are carried from thence to the top of the pillfir 
and there pass over the grooves of rollers at R, and their ex- 
tremities finally support a horizontal ann at E. To the centre 
of this arm e, a very nice balance is suspended : beneath the 
beam of this balance are plaeed rests, at m, so that when the 
beam is not in use, by tuming the screw S, it will be allowed 
to descend upon the rests ; and the knife edges, on the accu- 
racy of which the sensibility of the instrument dépends, will be 
relie ved from pressure. The board 6 H, attached to the pillar' 
immediately below the dishes, is movable on the pillar, and 
may be fixed in any position by means of an adjusting screw ; 
also the nut in which the screw S tums is capable of being 
moved towards or firom the pillar, so as to raise or lower the 
balance, in a greater degree than would be allowed by the play 
of the screw S. Thus the balance and ail its accompaniments 
may be , raised or lowered at pleasure. To the centre of the 
bottom of the dishes hooks c d axe attached, from which brass 
wires are suspended, which pass freely through holes in the 
board G H. At the lower extremities of thèse wires are hooks 
h and g. To the hook g, a graduated rod g k is suspended, 
which also terminâtes in a hook at k. The rod g k bears a 
scale of equal divisions ; an index N O turns on a rod M N 
with a horizontal motion, and may be applied to the scale g k 
or may be removed at pleasure ; this index may be also moved 
upwards and downwards by means of a screw M, which plays 
in a nut in the board G H. A brass bail of about i of an inch 
diameter, is suspended firom k, by a brass wire k l, of such a 
thickness that one inch of it will oisplace half a grain of water. 
From the hook h, a glass bubble i is suspended by a horse-hair. 
The brass bail and the glass bubble are so adjusted that they 
will ha'ng about the middle of the glass vessels X Y, in the 
ordinary position of the balance. If the dish c preponderate, 
the wire k l will become more immcrsed ; and for every inch it 
sinks, the weight which draws down the dish c will be mminish- 
ed to the amount of hàlf a grain, that being the weight which 
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an inch of the wire loses by immersion. In like majiner if d 
prepoDder&te, the wlre k l will be drawn up ; and for every inch 
which is raJBed above tlie surface of the water,-an additional 
weight of half a giuin will actupon the dieh c. 

Now suppose the balance so adjusted that its tongue points 
directly upwarde at e, and that the beam a b ia therefore 
horizontal ; let the index N O be fixed at the middle point of 
the scaleg-fcby means of the screw M. Suppose thescalegt 
Bù divided, that its middle point will be marlied zéro, or ; and 
let each half of it, being two inches long, be divided into « 
hundred equal parts, being numbered upwards &nd doi^nirarda 
Iroin the roiddle point. Let the substance to be weighed be 
placed in the dish c, and let grain weights be placed in the diah 
(^ iintil the number of grains nearest ta its exact weight be 
found. Thus, suppose unt it is found that 65 grains are iusnf- 

Fig. eo. Fig. 60. 



ficient to support the dishc, but that 66 grains cause the dish d 
to preponderate; the exact weight of the substance is, there- 
lôre, more tban 65 grains, but less than 66 grains, and the 
object is to détermine by what part of a giain the true weight 
exceeds 65 grains. Weights to the amount of 65 grûns being 
placed in the dish d, the dish c will sloirly descend ; the wire 
kl Tvill consequently become more deepty immersed in tbo 
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water, and for every inch which sinks, the weight of c will be 
diminished by half a grain ; and therefore for every division of 
the scale which passes the index N O, the dish c wiU lose weight 
to the amoont of the hundredth part of a grain. When the loss 
of the weight thus sustained by the dish c amounts to as many 
hundredth parts of à grain as the weight of the substance in 
the dish c exceeds 65 grains, the beam will remain in equilib- 
rium. When this takes place, therefore, it is gnly necessary 
to observe the number of the division at which the index N O 
stands ; that number will express the hundredth parts of a grain, 
by which the weight of the substance in the dish c exceeds 65 
grains. ^ 

The weight might in like manner be ascertained by ^acing 
66 grains in the cUsh d, and by causing it to preponderate. In 
this case the wire kl would be drawn irom the water, and for 
every division of the scale g k which would pass the index N O, 
the hundredth part of a grain would be added to the dish c ; 
when the dish d would cease to descend, the number of the 
scale marked by the index would express the number of hun- 
dredth parts of a grain by which the weight of the substance in 
the dish c falls short of 6(6 grains. 

The effect produced by Uie immersion of the horse-hair from 
the hook h is hère neglected, because the weight of the water, 
which a small portion of its length displaces, does not exceed a 
fraction of a grain much smaller than any weight hère taken 
into account 

The weight of the substance being thus ascertained in air, 
it is next ascertained in a similor manner by immersion in the 
jar Y, and the loss of weight in water is thus obtained. The 
spécifie gravity may thence be inferred as explained in (89.). 

To jH-event the adhésion of water to the wire k l, it is previ- 
ously oiled, and the oil gently wiped off, so as to leave a thin 
film covering the wire. 

If the body whose spécifie gravity is under investigation be 
a liquid, it must be contained in a glass vessel, carefully stop- 
ped, and completely ôlled. The weight of the glass vessel, 
empty, is ôrst ascertained by the balance, and then its weight, 
when filled with water, and immersed in water ; by this means 
the weight of the glass will be accurately ascertained, and also 
the weight which the glass loses by inmiersion in water. 
When the bottle is filled with the lîquid, the weight of tlie bot- 
tle is ascertcdned, firom which the weight of the glass being 
subtracted, leaves a remainder whieh is the exact weight of the 
liquid. The bottle filled with the liquid is now weighed, im- 
mersed in water, and the loss of weight is observed. From this 
loss, let the loss of weight sustained by the glass alone be sub- 
tracted, and the remainder will be the weight of a quantity of 
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water eqmd in bulk to tlie liquid contained m the bottle. The 
spécifie gravity of tiie liquid may thence be immediately infer^ 
red in the same manner as if it weré a solid. 

(95.) The apparatos and processes which hâve been just ex- 
plained are adapted to gtve résulta of that extrême accuracy 
which is necessai^y foi^ the purposes of science. )Vith such 
viéws, the complexity and expense of apparatus, and the time, 
ekill, and attention required for délicate manipulations, are mat- 
ters of small importance compared with the attainment of exact 
tesults. But when spécifie ^ravities are to be ascertained for 
the ordinary purposes of commerce or finance, means of a more 
simple eharacter must be resorte d to, the use of which is at- 
tended with more expédition, and rêquires less skill in the 
operator. In such cases a degree of accuracy, exceeding a 
comparatiTely wide limit, is altogether unnecessary ; and even 
though superior instruments were avaHable, their results would 
not be more useful than those of a less degree of sensibility. 

Varions forms of instruments, usually called hydrometers, 
hâve been proposed for àscortaining the spécifie grovities df 
substances, and more particularly of liquids, for the ordinary 
purposes of commerce. The indications of thèse instrunients aJl 
dépend upon the fact, thatabody, when it fioats in a liquid, dis- 
places a quantity of the liquid equal to its own weight. Their 
accuracy dépends upon giving them such a shape, that the part of 
them which meets the surj^e of the liquid in which they float 
is a narrow stem, of which even a considérable length displaces 
but a very small weight of the liquid. Thus any error in ob- 
serving the degree of immersion entails upon the resuit an 
eÔect which is inconsiderable. 

The principle in ail such instruments being, in the main, the 
same, it will not be neeessary hère to enter into further détails 
upon them than to describe the form and use of two or three of 
the most remarkable. . 

SUces^s Hydrometer, 

This insti'ument, being that which is used and sanctioned by 
law for the collection of the revenue on ardent spirits, &e., is 
entitled to particular notice: It consists of a brass bail G, Jig. 
61., the diameter of which is one inch and six tenths. Into this 
bail, at C, is inserted a conical stem C D, about one inch and 
an eighth long, terminàted with a pear-shaped bulb at^D, which 
is loaded, so as to be much heavier, bulk for bulk, than any 
other part of the instrument. In the top at B is inserted a fiât 
st9m B A, three inches and four tenths in length, which is di- 
vided on both sides into eleven equal parts, each of which is 
subdivided into two. This instrument is accompanied by eight 
circular weights, such as W, marked with the numbers 10, 90, 
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30, 40, 50, 60, 70, and 80 ; eaoh of tfae circa- 
lar wei^hts is cat as represented in W, so 
as to admit tbe thinner part of the conical 
stem near C to psjss to the centre of iJie 
weight; the opening is wider at the centre, 
80 as to allow the weight to slide down iJie 
stem to D, where the thickness prevents itp 
falling ofT. In nsing this instrument to as- 
certain the spécifie gravity of spiritSyit is first 
plunged in the liquid, so as to be wetted to 
the hi^hest degree on the scale : it is then 
allowed to rise and to settle into equHibrium., 
The degree upon the scale at the surface of 
tiie liquid indicates the quantity inmiersed ; 
and by the assistance of tables which accom- 
pany the instrument, and a thermometer by 
which the température of the spirits is ob- 
served, the spécifie gravity is calculated by 
rules which accompany the tables. . 

NtcholsorCs Hydrometer, 

This instrument is susceptible of a greater 
degree of accuracy than the common hydrom- 
eter observed above, and a corresponding 
degree of skill and attention is requisite in 
the use of it. It consists of a hollow bail of 
brass or copper, C D,yi|g. 62., to which a smali 
dish A B is attached by a thin steel wire Y, 
the diameter of which does not exceed the fortieth part of an 
inch. A stirrup F is attached to the lower part of the bail, and 
carries another dish £, being sufficiently heavy to cause the 
wire Y to be vertical when aie instrument âoats. 
The weight of the several parts of the instrument 
is so adjusted, that when 1000 grains are placed in 
the dish A B, the instrument will sink to a point 
marked about the middle of the stem in distilled 
water, at the température of 60°. Therefore the 
weight of a quantity of distilled water, equal in 
volume to the part of the instrument below this 
point, will be equal to the weis^it of the instrument^ 
togetiier with 1000 grains. To find the spécifie 
griBLvity of any other fluid, let the instrument float 
upon it, and let the wçight in the dish A B be so 
iidjusted that the instrument will be immersed as 
before to the division marked upon the wire. The 
weight of the instrument, together with the weight 
in the dish, will then express the weight of the 
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liquid which the instrument displaces. Thus the weight of 
equal bulks of the liquid and distilled water at the température 
of 60^ will be ascertained, and thence the spécifie gravity of 
the liquid inferred. 

By this instrument the spécifie gravities of solids may be also 
ascertained. Let a portion of the solid be placed in the dish 
A B, and the instrument being made to float in distilled water 
at 60^, let additional weights oe thrown into the dish A B until 
the instrument sinks to the mark upon the wire. The weight 
of the solid, together with thèse additional weights, will then, 
as appears firom what was stated above, amount to 1000 grains ; 
therefore, if the additional weights be subtracted from 1000 
grains, the remainder will be the exact wei^t of the solid* Let 
tiie solid be now placed in the lower dish E, and, as before^ let 
weights be placed in the dish A B, until the instrument again 
sinâ to the point marked on the stem Y. Thèse weights, to- 
gether with the weight ipunersed in the water, will make up 
1000 grains. If, therefore, they be subtracted from 1000 grains, 
the remainder will be the weight of the solid in water ; having 
obtained its weight in air and in water, its spécifie gravity may 
be obtained as in a former instance. 

The wire which supports the dish A B in this instrument is 
so thin, that an inch of it displaces only the tenth part of a grain 
of water. The accuracy of its results depending, therefore, on 
the coïncidence of the mark on the wire Y with the surface, 
which can always be ascertained to a very small fraction of an 
inch, will corne within the limit of a very minute fraction of a 
grain. Spécifie gravities may thus be obtained correctly to 
within 100,000th part of their whole value, or to five places 
of décimais. 

De Parcieux^s Hydrometer. 

This instrument, which is represented in ftg. 63., 
scarcely diÔers from that which has been just de- 
scribed. A cup C is connected by a brass wire A C, 
about 30 inches long and a 12th of an inch in diam- 
eter, with a glass phial A B, which is loaded with 
shot at the bottom to keep it in the upright position. 
The length of the wire is auch, that thé phial, when 
loaded and immersed in spring water at a médium 
température, will sink to a point about an inch above 
A. When it is immersed in light river water, it will 
sink to about 20 inches above A. The spécifie 
ffravities of différent kinds of water are compared 
by this instrument, as in Nicholson's hydrometer, by 
throwing weights into the dish C unUl the instru- 
ment sinks to a fixed point on the wire. A gradu- 
ated scale H E is attached to the side of the vessel 
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containing the water, to mark the degrees of immersion. The 
sensibility of this instrument is so great, that a pînch of any 
substance soluble in water, or a drop of any liquid which nûxes 
with water, being combined with the water in which it is im- 
mersed, will produce an observable effect upon its depth of im- 
mersion. 

This instrument was invented for the purpose of comparing 
the spécifie gravities of différent kinds of water. 

(96.) The power of determininff the spécifie gravity of bodies 
frequently enables us to déclare uieir other qusdities, and some- 
times to detect their component parts, if, as most frequently 
happens, they are formed of heterogeneous roaterials. Thus 
spirits, in every form.and under every variety in which they 
are used in commerce and domestic economy, are a mixture of 
alcohol with other bodies, of which water is the principal. As 
the value of the liquid dépends upon the proportion of pure 
alcohol which it contains, it becomes a problem of great practi- 
cal importance to détermine this. 

In like manner the precious metals, whether applied to use- 
ful or omamental purposes, are generaUy mixed with others of 
a baser species in a greater or less proportion. Thèse cheaper 
éléments which enter into the composition of what is received 
for gold or silver are calîed aUoys ; and it is obvious that, be- 
fore the value of any article formed of such a matériel can be 
determined, it is necessary to find the exact proportion of alloy 
which it contains. 

Thèse considérations suggest a class of problems respecting 
the spécifie gravities of compound bodies and their constituent 
éléments, the solution of which is of ^at ]5ractical importance. 
This solution, however, does not entirely dépend on mechani- 
cal principles, as we Bhall presently explain ; and even so far 
as itdoes dépend on such principles, many previous conditions 
are necessary to render such problems determinate. 

If two bodies, whose spécifie gravities are known, be mixed 
in a given proportion, and in their union no other effect be pro- 
duced than the transfusion of the particles of each through and 
among those of the other, the spécifie gravity of the compound 
is a matter of easy computation. The gênerai principle for the 
solution of such a problem will be coUected without difficulty 
from an example. 

Example. — ^Let gold and copper be united, in the proportion 
of 20 measures of gold to 3 of copper. The spécifie gravity of 
the gold is 1925, and that of the copper 890, the spécifie gravity 
of water beinff 100. Hence the calculation may be made as 
follows ; the dénomination of weight used being immaterial, 
providing it be the same throughout the whole investigation : — 
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Weight of a cubic inch of water 100 

Weight of a cubic mch of gold 1,935 

Weight of a cubic inch of coj^r ....... 890 

Weight of 20 cubic inchesof gold 38,500 

Weight of 7 cubic inches of copper 6J230 

Weight of 27 cubic inches ofthe compound . . 44,730 
Weight ofone cubic inch ofthe compound . . 1,656} 

Hence the spécifie gravity of the compound is 1,656}, 
that of water being 100. 

If the proportion ofthe ingrédients be giyen in weight, as se 
many grains of gold mixed with so many grains of copper, the 
magnitudes or measures of thèse weiffhts may be computed 
from knowing their spécifie gravities, which ^ in fact the weight 
of a giyen magnitude. The preceding method of calculation 
may i^en be applied. 

If more tban t^o bodies be united, the priàciple on which the 
computation is condtrcted will be the same. 

In the example just given, the spécifie gravity of the com- 
pound was the object of inquiry, the spécifie gmvities of the 
components being supposed to be given. The same method 
of calculation would, however, discover any of the other quan- 
tities which enter the investigation with a suffîcient number of 
' data. Thus, suppose it were required to détermine one of the 
ingrédients of a compound substance, the nature and quantity 
of the other ingrédient being known. Let the spécifie gravity 
ofthe compound be détermine d by the usual means, and let the 
quantity of the given ingrédient be snbtracted from the whole 
quantity of the compound, and the remainder will be the quan- 
tity ofthe required ingrédient. But it is neeessary to détermine 
its spécifie gravity. 

Example, — ^Let the compound body under investigation be 
supposea to be composed of two substances, of which gold is 
one ; and let the total quantity of the compound be 27 cubic 
inches, the quantity of the gold being 20 cubic inches. Sup- 
pose that we asecrtain the foUowing results by experiment : — 

Weight of 27 cubic inches ofthe compound . . 44,730 

Weight of one cubic inch of gold 1,925 

Weight of20 cubic inches of gold 38,500 

Weight of 7 cubic inches ofthe alloy .... 6,230 
Weight of one cubic inch of the alloy .... 890 

Hence thé spécifie gravity ofthe alloy will be 890 ; and that 
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beinff kno wn to be the «pecific gttmtj of copper, the qnality 0f 
the fulqy is determined. 

When toe quaiity of tlie alloy is knowQ, it may be required 
to detenhine the proportion in which it is mixed with the pre- 
ciouB métal. In this case the spécifie gravities of the constitu- 
ent parts are supposed to be given. 

EjDoaœle, — ^Let the compoimd be one of gold and copper as 
before, tne spécifie gravities of which are 19^5 and 890. 

Weight of a cubic inch of gold 1,925 

Weight of a cubic inch of copper 890 

Différence 1,035 

Weight of a cubic inch of the compound by e^eri- 

ment » 1,656} 

Weight of a cubic inch ofco{^r ...... 890 

Différence 766| 

. As the former différence 1035 is to the latter 766}, so is 1 
to the number which expresses the proportion in wlddi the 
metals are mixed. Thus, by the Rule of Three :^1035 : 766} 
: : 1 : 768} divided by 1035, orwhich is theeame, f f . Hence 
the proportion of gold contained in a cubic inch of the com- 
pound is 20 parts in 27, and there are, therefore, 7 parts of al- 
loy. The démonstration of the proportion used in this solution 
scarcely admits of a sufficiently elementary explanation to be 
introduced with propriety in the text.* 

If the çbject be to detect the exact quantity and qualityof 
the impure or heterogeneous matter contained in any compound, 
it will not be suflcient that the spécifie gravity of the compound 
and that of the principal ingrédient be previously known. Thus, 
in manufiLCtured gcJd, it is not enough to Imow the spécifie 
gravity^ of pure gold, and that of the alloyed spécimen under 
investigation, in order to détermine the quantity and quality of 

* Let X repreannt the proportion of gold, and v that of copper, contained in one 
eubic inch ofthe mixture. Let g be the specinc gravitv of the gold, c that of the 
copper, and m that of the mixture. The weight of £old contained in a cubic inch 
ofthe mixture is a^, and the weight of copper ye, and the weight of a cubic inch of 
the mixture m m. Hence we hâve 

xg-\-ye=m 

• . * y=l— «. • . • a^f+c (1— «)s 

• . • Z (jf — c): 




or, ^ — c : m — c !: 1 : x. 

That is, the différence between the «pecific gravities of the gold and copper is to 
the diibronoe between the speeifio ^vities ofthe compoimd and eopper, m 1 m to 
the proportion gf gold which exista m a cubic inch. 

11* 
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the alloy . It is indispensably neceseary, either that the spécifie 
gravity of the foreign matter intermized with tiie principal 
ingrédient be given, or that some data may be fltmished by 
which it may be computed. 

Although in the cases af all<^ed metals, or adulterated liquids, 
it is rarely possible to detect the exact quantity and quality of 
foreign matter which inay be intermixed, yet we may generally 
pronounce with certainty on the présence of some adSteration 
or alloy. The spécifie çravity of the pure substance being 
known, if that of the spécimen under inquiry difier from it, the 
intermixture of foreign matter is no longer doubtful. But 
what that heterogeneous matter is, and, in what quantity it is 
présent, is a problem which requires theaid of other principles. 

It has been already stated thât spirits of every kind used in 
commerce, are mixtures of pure alcohol and water in différent 
proportions, and their strength dépends on the quantity of alco- 
hol which is mixed with a given quantity of water. The indi- 
cations of the hydrometer immediately betray this. 

The adultération of milk by water may always be detected 
by the hydrometer, and in this respect it may be a usefûl ap- 
pendage to household utensils. Pure milk has a greater spécifie . 
gràvity than water, being ICO, that of water being 100. A very 
small proportion of water mixed with milk will produce a liquid 
specifically liffhter than water. 

Although the hydrometer is seldom applied to domestic uses, 
yet it might be used for many ordinary purposes which could 
scarcely be attained by any other means. The sli^htest adul- 
tération of spirits, or any other liquid of known qualitjr, may be 
instantly detected by it And it is recommended by its cheap- 
ness, the great facility of its manipulation, and the simplicity of 
its results. 

(97.) The first notion of using the buoyancy of solids in a 
liquid, as means of determining 3ie nature of their component 
parts, is attributed to Archimedes,the celebrated mathematician 
and natural philosopher. It is said that Hiero, king of Syracuse, 
haymg engaged an artist to make him a crown of gold, wished 
to know whether the article fumished to him was composed, 
according to thp contract, of the pure and unalloyed métal, and 
yet to accomplish this without defacing or injunng the crown. 
He referred the question to Archimedes. The philosophe^ 
while meditatinç on the solution of this problem happening to 
bathe, his attention was directed to the buoyancy of his body in 
the water, and thence to the gênerai «ffect produced upon the 
apparent weights of solids by their immersion in liquids. The 
"whole train of reasoning which has been foUowed in the pre- 
ceding chapters instantly flashed across his mind. He perceiv- 
ed at once that the degree of buoyancy or the weight lost would 
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betray the weight of the métal composing the crown, compared, 
bulk for bulk, with pure gold. He rushed from the chamber in 
a transport of joy, ezclaiming aloud, '^ Eurêka! Eurêka!" (/ 
havefound it ! I haoefound it !) 

If the taie be true, the joy of Archixnedes was produced not 
by the solution of the particular question respecting the crown, 
but by perceivin^ the important conséquences to inldch the ex- 
tension of the pnnciple on which he haid fallen must lead. 

(98.) The calculations which hâve been just explained, for 
ascertaining the spécifie gravities of compound bodies when 
those of their composient parts are known, proceed upon the 
supposition that the bulk or magnitudes of the bodies united are 
not altered by their combination., Thus, if ten cubic inche's of 
gold be alloyed with seven cubic inches of copper, it is assum- 
ed that the mass of compound métal thus obtained will measure 
17 cubic inches. In like manner, if a pint of water be mixed 
with a pint of spirits, the computed spécifie gravity of the mix- 
ture proceeds upon the assumption that it wul measure a quart 
Expérience proves this supposition to be, in most cases, un- 
founded. When the constituent atoms of two bodies are trans- 
iiised thrpugh one another by intimate mixture, it is foiind that 
certain properties are manifested which exhibit a reciprocal 
relation between them, in virtue of which they are either drawn 
together into doser contact and compelled to occupy a less 
space, or are mutually repelled and made to occupy a greater 
space by attractive or repellent forces, which are called into 
opération^ by the contiguity of the molécules of the différent 
bodies. In fact, it is found that equal measures of two différent 
bodies, being combined by mixture, will produce a compound, 

the measure of which will be either less or 
greater than twice the measure of either of 
tiie bodies so combined. Thus, a cubic inch 
of gold inixed with a cubic inch of copper 
will produce a mass of métal measuring less 
than two cubic inches. . It foUows, therefore, 
that the component partiel es of thèse bodies 
hâve been forced into a less space than that 
which they occupied separately; and there- 
fore, that corresponding affinities or attractive 
énergies hâve been awakened by their com- 
bination. In like manner, if a pint of pure 
water and a pint of sulphuric acid be mixed 
together, the compound will measure less than 
a quart. This experiment may be veiy easily 
exhibited in the following manner : — ^Let A, 
jflff. 64., be a hoUow glass bail, having a neck 
at the top.B, fumished with a ground glass stopper made ex- 
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actiy to fit it, and water tight, and witlr a long narrow tube C D- 
ptoceeding fVom the bottom and closed at tbe lower end D ; let 
tins vesselbe filled through the neck B with sulpharic acid as 
fàr as the top of the tnbe C ; then let water be carefîilly poured 
in till the bail is completelj filled to the neck ; this liqoid, being 
lightér than sulphuric acid, will remain in the bail resting on 
the surfstee of the sulphuric acid in the tube below. Let the 
stopper be inserted in the neck, so that the vessel bein^ closed 
will be completely filled with the two liquida : holding uie stop- 
per firmly in its place, let the vessel be now inverted, the tube 
being tumed upwards and the stopper downwards. The sul- 
phuric acid wifl, by its superior weight, fiill into the bail, and 
the water will rise into the tube, a partial mixture taking place 
by reason of the affinity of the liquids : this inversion being 
several times repeated, the liquids will at length be perfectly 
mixed. If the instpiment then be held steadSy with the tube 
upwards, it will be found that the liquids no longer fill it, but 
that several inches at the top of the tubu will be empty. Thus 
the dimensions of the liquids will be considerably contracted by 
intermixture ; and of course the density or spécifie gravity wiU 
be much greater than if the liquids were mechanically united 
without any diminution of their volume. 

The eflTect hère described will be found to be attended with 
another very remarkable one. The liquids at the commencement 
of the process being at the ordinary température of the atmos- 
phère, it will Be found that after tliey are mixed they will 
acquire so-great a degree of beat, that the vessel which con- 
tains them cannot be held in the hand without pain. This ef- 
fect bears a close relation to the expansion of bodies by beat 
If the communication of beat to a body causes its dimensions 
to increase, it might naturally be expected that any cause 
which would produce a diminution of dimension would compel 
the body to part with beat. Thus the condensation produced 
by the admixture of tlie two liquids is accompaiiied by the évo- 
lution of beat It is sufficient barely to notice this effect hère, 
as it will be more fully explained in another part of the Cyclo- 
pœdia. 

Although the method of Computing the spécifie gravity of a 
mixture, upon the supposition that its constituent éléments 
sufier no change of dimension, is inapplicable for the actual dé- 
termination of the spécifie gravities of compounded bodies, yet 
such computation is not useless.*^ The only exact method of 

* Let e and e' be tbe spécifie gravitiei of tbe component parts, and m the spécifie 
gravity of the mixture ^ Jet a and a' be tbe majmitudes of the component parts, and 
o^-a' will be the magnitude of tbe mixture. Tbe weightsof the comnonents will 
heax and a' e', and tbe weight of the mixture will be a c^' c', which is the sum 
of tbe woights of the componenta : but the weight of the mixture will also be es- 
pressad by (o^-a') m ; hanoe 
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ascertaininff the degree in which substances contract or ex- 
pand their dimensions by mixture is by Computing the spécifie 
^vity which the mixture would hâve were such change of 
dimension not to happen, and comparing such computed spé- 
cifie gravity with the éCctual spécifie gravity of the compound 
body observed by experiment. The process of measurement 
is not susceptible of the same accuracy, nor, indeed, of an^ 
degree of accuracy sufficient for scicntific purposes : were it 
so, howeyer, it would scarcely be sq simple as the comparison 
of the computed and obseryed spécifie grayities. The quanti- 
tés of the two substances mixed should be accurately measur- 
ed before mixture, and the measure of the compound should be 
aflerwards accurately ascertained. The difiTerence between the 
sum of the measures of the constituent parts and the measure 
of the whole would giyè the contraction or expansion produced 
by their combination. 

a e^' e' = («-H»') m. 
aù4-a' e' 

In &ct, this result is notbing more than an exirression denoting that fhe spécifie 
gravity of the compound is eqaal to its weighi, mvidedby its maipiitude, the mag- 
nitade being supposed to be equal tothe sum df the magnitudes of the components. 

In some casos,the weiehts and spécifie ffravities of the component» are given,l>at 
not their magnitudes. Let to and to' be the weighta ; then w=a e, and w'sao' cf, 

Vf %D^ 

Therelbre ass— and «'==—. Hence 
e * e' 
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CHAP. IX. 

HYDKAULICS 

TELOCITT OF SFFLUX FROM AN APERTURE IN A TE8SEL,— FROFOR- 
TIONAL TO THE DEFTH OF THE APERTURE/— EqU AL TO THE TE- 
LOCITT ACqUIRED IN FALLIN6 THROUOH TBAT DEFTH.-— EFFECT 
OF ATMOSPHERIC RESISTANCE.— VENA CONTRACTA. — RATE AT 
WHICH THE LEYEL OF THE WATER IN THE VESSEL FALLS. — 
LATERAL COMMUNICATION OF MOTION BT A LiqUID. — RIVER FLOW- 
INO THROUOH A LAKE. — CURRENT8 AND EDDIES.— EFFECTS OF 
THE SHAPE OF THE BED AND BANKS OF A RIVER.— FORCE OF A 
LiqVID STRIKING A SOLID^ OR VICE VERSA. — ^EFFECT OF AN OAR. 
— ^WINGS OF A BIRD. — ^DIRECTION OF JTHE RESISTING SURFACE.— 
EFFECT OF THE VELOCITT OF THE STRIKING BODT.— SOLID OF 
LEAST RESISTANCE. — SHA-PE OF FISHES AND BIRDS.— 6PEED OF 
BOATS AND 8HIPS LIMITED.— COMPARATIVE ADVANTAGES OF RAIL- 
ROADS AND CANALS. 

(99.) We have hitherto confined our attention chiefl^ to 
those efiects \(rhich are produced by the pressure transnutted 
by liquids, either arising from their own weight or from other 
forces applied to them, when confined within certain limits. 
When any of the limits or boundaries which confine a liquid 
are removed, the force which before was expended in exciting 
pressure on such boundàry or limit, wiU now put the liquid in 
motion, and cause it to escape through the space from which 
the opposing limit has been removed. The phenomena exhib- 
ited under such circumstances, form the subject of a branch, 
of the mechanical theory of liquids usually called hydraulics. 
It embraces, therefore, the efiects attending liquids issuing from 
orifices made in the réservoirs which contain them ; water forced 
by presâure in any direction through tubes or apertures, so as 
to form omamental jets ; the motion of liquids through pipes 
and in channels ; the motion of rivers and canals ; and the ré- 
sistance produced by the mutual impact of liquids and solids in 
motion^ 

It is the peculiarity of this branch of hydrqstatics, that, firom 
varions eauses, the phenomena actuall^ exhibited in nature or 
in the processes of art deviate so considerably from the résulta 
of theory, that the latter are of comparatively little use to the 
practical engineer. They also lose a ^eat part of their charm 
for the gênerai reader, from the impossibUity of producing firom 
the fanuliar objects, whether of nature or art, examples appo- 
sitely and strikmgly illustrative of the gênerai truths derived 
from scientific reasonin^. It must not, however, be supposed 
that the résulta of such investigations are false, or that the sci- 
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ence itself, or the instruments by which it proceeds, are defec- 
tive^ The difficulty hère lies rather in the peculiar nature of 
the phenomena, and the number of disturbing causes which 
render thera incapable of that accurate classification and gêner- 
alization which is so successfully applied in almost every other 
department of physical science. 

The only really useful method of treating a branch of knowl- 
edge so circumstanced, is to accompany a very concise account 
of such gênerai principles as axe least inapplicable to practice, 
by proportionately copions détails of the most accurate experi- 
ments which hâve been instkuted, with a view to ascertain the 
actual circumstances of the various phenomena. Such détails, 
however, would be whoUy misplaced in the présent treatise ; 
we shall, therefore, confine ourselves to a few observations gn 
some of the most important and strikin^ phenomena of hy^draul- 
ics ; tracing their connection, where it is possible, with the 
^ various anâogous efiects in tJie other parts of the mechanica 
* of solids and fluids. ^ 

(100.) If a small hole be made in the side of a vessel which 
is fiUed with a liquid, the liquid will issue from it with a certain 
velocity. The force which thus puts the liquid in motion is 
that which, before the orifice was made, exerted a pressure on 
the surface of the matter which etopped the orifice. It is obvi- 
ous, that the moving force of the water which thus issues firom 
the orifice must be adéquate and proportional to the power 
which produces it But this power, being the same which pro- 
duced the pressure upon the surface of the vessel, will be 
proportional to the depUi of the orifice below the level of the 
liquid in the vessel j(14.). Hence we may at once infer, that 
water will issue with more violence firom an orifice at a greater 
depth below the surface, than from one at a lejss depth ; but it 
still remain^ to be determined what the exact proportion is be- 
tween the rapidity of efl3[ux and the depth of the orifice. 

Lct A B C D, Jlff, 65., be a vessel with perpendicular sides, 
having a veiy smsdl orifice O near the bottom. Let it be filled 
with water to a certain height, E F, above O. The pressure 
corresponding to the depth OE, will cause the water to flow 
from O with a certain velocity. Suppose this velocity to be 10 
feet in a second ; and suppose that by this means a gallon of 
water is discharged from O in one minute, water being in the 
mean while supplied to the vessel in such a quantity as to 
ihaintain the level of the water in the vessel at E F. The pres- 
sure at O being therefore always the same, the velocity of efflux 
will be uniform. It is clear, that if water be now poured into 
the vessel, so as to fill it to a level higher than E F, the pres- 
sure at O being increased, the velocity of efiSiux at O will be 
also increased. Let it be required lo détermine how much 
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hi^her than E F it will be necessary to fill the vessel, in order 
that the velocity with which the water is discharged at O shall 
be double the fonner velocity. The momentum or movmg force 
communicated to the water discharged from the orifice in one 
minute wo^ld in this^^case be four times that which was' com- 
municated to it in the fonner case ; for, since the rapidity with 
which the water is discharged, is double its fonner velocity, 
double the quanti ty of water will be put in motion in one minute ; 
but this double quantity is also moved with a double speed; 
hence the entire moving force produced in a minute will be four 
times the moving force produced in the former case in the same 
time. If the same quantity of water only had been put in mo- 
tion with a double velocity, the moving force would be doubled ; 
but the quantity of water moved being doubled as well as its 
speed, the moving force is quadrupled. Hence it foUows, that 
the power which produces this effect must bave four times the 
energy of that which produced the effect in the first case ; but 
this power is the pressure produced at the orifice O, which is 
proportional to the depth of O below the surface. Hence it 
foUows that to give a double velocity of discharge a fourfold 
depth is necessary. If the vessel A B C D be fiUed to tiie 
level E' F', so that E' O shall be four times E O, then the veloci- 
ty of disch^arge at O will be double the velocity whenthe level 
was at E F. 

By similar reasoning it may be concluded that, to obtain a 
threefold velocity, a ninefold depth is necessary; for a fourfold 
velocity, sixteep times the deptii will be required, and so on : 
in fact, in whatever proportion the velocity of efflux is increas- 
ed, the quantity of liquid discharged in a given time must be 
also increased ; and, âierefpre, the pressure or the deptii must 
not only be increased in proportion to the velocity, but also as 
many times more in proportion to the quantity discharged. 
Tbus the depth of the orifice, below the surface, will always be 
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io proportion to wbat, in m&thematics, is càlled the square of 
the vclocit; of dischuTe. 
If in a veMQl A B C D, jlp. 66^ fiOed with a liquid, a gnisU 



hole, O, be made at od9 înch belov tbe sur&ce E F ; and an- 
other, (y, al 4 inches below it ; a third, O", at 9 iiicheti ; k 

fourth, O"', at BÎxteen inchei ; and n fifth, O"", M 85 inches ; 
the velocities of discharge at theae several holes will be in the 
proportion of 1, 2, 3, 4, and 5. If the upper line in the follow- 
ing table eipresa tbe eeveraJ velocitiea of discharge, the lower 
one will expreaa the correaponding depths of the ori£cea :— 



Veloci.ï. 


1 


2 


3 




5 

ïs' 


36 


7 8 
49 64 


i 


10 

ïôô 


Depth. 


1 


4 


9 



It ia imposaible to conteniplate tho relation exhibited in thia 
table without being stcuck hy the remarkable coïncidence 
which it ezhibits wtth the relation hetweeo the heieht from 
which a bi>dy faUa and the velocity acquired at the end of the 
feJl." To produca a two fold velocity, a four fold height ia neces- 
sary. To prodiice a threefold veiocity, a ninefold height ia le- 
quired. For a fourfold velocity, a aixteenfold height is reqnired; 
and ao on. Thus it appears, Ihat if a body were allowed to fall 
from the surface P of Ihe water in the veaael downwards to- 
wards C, and unobstructed by the fluid, it would, on arriving at 
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each of the orifices above described, hâve velocîties proportional 
to those of the water discharged at the orifices refiq[)ectively. 
Thus, whatever velocity it would hâve acquired on airiving at 
O, the first orifice, it would hâve double that velocity on arriv- 
ing at O, the second orifice, three limes that velocity on arriving 
at the third, O", and^o on. Now, it is évident that if the velo- 
city of effluz at any one of the orifices be equal to the velocity 
acquired by the body in falling from the surface F to that 
orifice, then the velocities acquired at each of the orifices will 
be equal to the velocities of discharge respectively. Thus, if 
the velocity acquired in falling from F to O be equal to the ve- 
locity of discharge at O, then the velocity acquired in falling 
from F to O being double the former, will be equal to the 
velocity of discharge at O' ; and in like manner the velocity ac- 
quired at (y being three times the velocity at O, will be equal 
to t}ie velocity of discharge at O", In order, therefore, to es- 
tablish the remarkable fact that the velocity with which a liquid 
spouts from an orifice in a vessel, is equal to the velocity which 
a body would acquire in falling unobstructed firom the surface 
of the liquid to the depth of the orifice, it is only necessary to 
prove the truth of this principle in any one particùlar case. 
Now it is majiifestly true, if the orifice be présente d down- 
w^rds, and the column of fluid over it be of very small height ; 
for then this indefinitely small column will drop out of the ori- 
fice by the mère effect of its own weight, and therefore with 
the same velocity as any other falling body ; but as fluids trans- 
mit pressure equally in ail directions, the same efiect will be 
produced whatever be the direction of the orifice. Hence it is 
plain that the principle just expressed is true when the depth 
of the orifice below the surface is indefinitely small ; and since 
it is true in this case, it must, according to what has been al- 
ready explained, be olso true in every other. 

(JOl.) From this theorem it folio ws, as a necessary consé- 
quence, that if the orifices from which the liquid is discharged 
be présente^ upwards, the jets of liquid which would escape 
from them would rise to a height equal to the level of the liquid 
in the vessel. Thus, in j»^. Q7,, if E F be the surface of the 
liquid, and O, O, O". O", be four orifices at difierent depths, 
ail opening directly upwards, the liquid will epout from each of 
them with the velocity which a body would acquire in falling 
from the level of the surface E F O to the orifices respectively, 
and cbnsequently the liquid must rise to the same height before 
it loses the velocity with which it was discharged. Hence 
the Jets severally issuing from the orifices will rise to the 
height F G. 

(102.) Thèse important theorems must, however, be submit- 
tod to considérable modifications before Uiey can be considère d 
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as applicable ia praedce. In the preoeding investigation, we 
bave conaidered the orifice to be indefinitelj amaS, bo tliat 
everjr point of it niajr be reg&rded as at tlie same depth below 
the surface ; vre liave alao conaidered that the fluid in esc^ing 
from the oriâce ia aubject to no resiat&nce from friction or otber 
causes ; and eleo that in its aacent in jets it is tVee ffom atmos- 
pheric leaîatance. Jn practice, however, nll thèse cauaea pro- 
duce very sensible effecta ; and the conaequence ia, that the 
actual pheoomena vary very considerably from the results of 
theory. The velocity «f efflux is, from tne moment the orifice 
is opened, diminiahed by the tHction of the liquid againat the 
sidea of the pipe or opening through whtch it passes. Aftei it 
escapea, the résistance of tbe air producea a aensihte effect 
upon the movement of the fluid particles. This résistance in- 
creaaes even more rapidly tban the velocity, so that the Jets 
wiiich escape from the lower orifices are still more resisted in 

r portion tban those from the bigher, and consequently they 
BOt rise even near the level of 3ie fluid in the vesael. 
Aa the liquid is gradually diacharged ftom the orifice, the 
contents of die veesel descend, the varioua particlea falling in 
Unes nearly perpendicular ; butwhen tbey approach neai the 
orifice fitim which they are to escape, they begin to change 
their direction, and to tend toward the orifice, bo that their mo- 
tion is in lines, converfring towards the opening, and meeting 
at a p(ÙDt outside it. Thèse effects «ill be produced wbether 
the opening be in the bottom or in the ade of the vessel. They 
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may be rendered visible by laing a glass vessel filled with 
waler, in which filings or amall fragmente of aolid substances 
are Huspended, and which are camed aJong by the motion of 
the currents. 

If a ïesael be allowed to emptj itself by an orifice in tho 
boltom, the surface of the iiquid wil! gradually descend, »ain- 
tajning ita horizontal position ; but, when it cornes within a 
sniall distance, about half an inch, of the bottom, a slight de- 
preaaion or hollow wiU be observed in thaï part of the surface 
which is immediatelj over the orifice. This will increase until 
it assume the ahape of a cône or funnel, the centre or lowest 
point of which wiÛ be in the orifice, and the liquid will be ob- 
served flowing in lines directed to this centre. Thia effect 
will be better understood by referring to_^. 
Fig.-^ 68, where the direction of Ihe cuirenta and 

the contracted vein are exhibited. 

Aa the particles of liquid in approaching 
the orifice move in directions conveiging to 
a point outside it, it is plain that the column 
of fluid which eacapea from the veaael will 
be narrower or more contracted at the point 
towards which the motion of the liquid con- 
verges than it is either befote it arrives at 
that point or aile; it haa passed it. This 
i contraction of the jet produced by the pe- 
cnliar directions which the motions of the 
fluid particles take, was first noticcd by New- 
ton, who gave it the name of the venu con- 
traria or the con/roriéi/ iiein of fluid. The 
distance from the orifice at which tbe great- 
est contraction of the jet takes place dépends, 
with certain liinitationa, on the magnitude of 
the orifice. If the orifice be circiilar and 
small, ita distance ia equatto half the diame- 
ter of the orifice, and the magnitude of the 
jet at ita most contracted point bears to tha 
magnitude of Ihe orifice, according to New- 
ton, the proportion of 1000 to 1414, and ac- 
cording to Boasut, the proportion of 1000 to 
■ 1600. 
It will be évident, upon very alight conaideration, that if the 
liquid be suSered ta escape b; a cylindrical tube, the contrac- 
tion of the vcin will be grealîy diminished. In this case the 
proportion of the magnitude of the most contracted part to 
that of the bore of the tube is 1000 to 1200. 

Aa the same quantity of fluid which paaaea in any giren time 
tlirough the orifice mtet paâs in the aame time tivoogh the 
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narrower space of the contracted vein, it foUows that it must 
pass through this place with a proportionaily greater velocity, 
Its velocity, therefore, at the point called the contracted vein, 
is greater than at the orifice in the proportion 1414 to 1000, 
according to Newton's calculation. 

In applpng the theorem which has been established respect- 
ing the equality of the velocity of the efflux to that of a body 
Vluch has fallen from the surface to the orifice, it is ^the veloci- 
ty of the contracted vein which should be regarded, that being 
the point at which the pressure produces its greatest eflTccts. 

<(103.) In the preceding investigation we bave supposed 
li<iuid to be supplied to the vessel as fast as it is discharged, so 
that the surface is maintained at the same height above the 
orifice. The pressuj-e is therefore constant, and the, velocity 
i»f efilux uniform. But if a vessel discharge its contents by an 
ifice in the.lower part, then the surface will continually dé- 
fend. The pressure at the orifice will be continually dlmin- 
led, and the square of the velocity of discharge, which is 
roportional to this pressure, will sutier a corresponding dimi- 
lution. Hence it appears that the velocity of discharge is 
cl^ntinaally less until the surface falls to the level of the orifice. 
ilt is not difficult to perceive, that an invariable proportion 
mmst subsist between the velocity of discharge and the velocity 
wîlth which the surface of the liquid in the vessel falls. Sup- 
pose that the magnitude of the orifice is the hundredth part of 
tha magnitude of the surface of Hie liquid, and that the rate of 
diacharge at any moment is siich that a cubic inch of the liquid 
would be discharged in one second : in that time a column of 
thd liquid will pass through the orifice, whose base is equal to 
thej orifice, and whose height is such that its entire magnitude 
wiàl be a cubic inch. In the same time the level ôf the liquid 
ici the vessel will fall through a spacé which would require a 
Cubic inch of the liquid to fill. This space will be just as much 
less than the height- of the former column, as the magnitude of 
the orifice is less than the magnitude of the surface of the 
liquid ; that is, in the instance assumed, the space through 
which the surface will descend in one second will be the hun-» 
dredtli part of the space through which the liquid projected firom 
the orifice would move in a second, if its velocity were contin- 
ued uniform. 

By the same reasoning, it may be inferred generally, that the 
velocity with which the surface descends bears to the velocity 
of discharge- the same ratio as the magnitude of the orifice 
bears to the magnitude of the surface. 

Since it has been already proved that the square of the velo- 
city of discharge is proportional to the depth of the orifice, it 
follows, firom what has been just stated, that the square of aie 
12* 
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▼elocity with which the surface descends is also proportional 
to the depth of the orifice. It is proved in mechanics, that 
when a body is projected upwards, conunencing with a certain 
velocity, the square of its velocity diminishes in proportion to 
its distance from its point of greatest élévation. It therefore 
follows, that such a body is retarded as it approaches its greai- 
' est height, according to the same law as the velocity of the 
surface of a liquid in descending is retarded as it approaohes 
the orifice at which it is discharged. 

Thus ail the properties establJ^hed in mechanics respecting 
bodies projected upwards and retarded by the force of graviiy, 
may be. applied to the descent of the surrace of a vessel whidh 
îs emptied by an aperture in any part below that surface. TÛ 
initial velocity of the surface is easily found. The velocity ol 
efîlux at the orifice is that which would be acquired by a bod^iil 
failing from the surface to the orifice, and may 4)e détermine^ 
by the ordinary principles of mechanics.* This velocity, beii^g 
diminished in the proportion of the magnitude of the sur&ce £pf 
the liquid to the magnitude of the orifice, will give the initil ' 
velocity of the surrace in its descent The velocity at an^y 
other élévation may be calculated upon the principle that thiq4e 
squares of the velocities at any two élévations above the o piri- 
fice are proportional to thèse élévations. j^ 

It is proved in mechanics, that if a body be projected xwtp- 
wards with a certain velocity, the height to which it will jpcise 
will be equal to half the space through which it would movAi in 
the same time with the velocity of projection continued uffû- 
form. Hence, by analogy, we infer, ttit the time which ti ihe 
surface of a liquid takes to fall from any given élévation to ; ^e 
orifice, is equal to the time it would take to move through t^wice 
that élévation with the initial velocity continued uniform. Nfc^w 
as this initial velocity is known, the time which the surface 
would take to move through twice the élévation with it may bilp 
computed ; and, therefore, the time which the surface takes to« 
move from any given élévation to the orifice will be obtained- ^ 

Hence it is easy to infer, that the time in which a vessel will * 
empty itself through a hole in the bottom is equal to the time it 
would take to discharge twice the quantity of fluid contained in 
the vessel, if the initial velocity were continued uniform. 

(104.) If a stream of liquid be impelled through a réservoir, 
in which the liquid is at rest, it is évident thaï it will drive be- 
fore it those parts of the liquid which impede its course ; but, 
independently of this, it will prodûce other motions in those 
parts of the liquid in Ûie réservoir near which it passes. Let 
us suppose a river to enter an extended lajie at one extremity, 

* Cal). Cyr, Mechanici, nhap* vii. 
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tthi to isaue fk>m it at the other ; the bed of the river bein; 
more sb&Uow and contracted than the lake. If e. hoilov chan- 
nel OT aqueduct were fonned acroBs the lake, equal in magni- 
tude and Hhape with the bed of the river, the water of the river 
vould flow acroBS the lake without producing any efTect upon 
tha watera of the lake, being Beparated from tiiem bj the chan- 
nel or aqueduct which we hâve supposed. If the aunoce of the 
river, flowing in the channel, coïncide with the ievel of the Bur- 
face of the lake, the channel or aqueduct will austain no prea- 
Bure or strain, or, more properly, the presaurea which il wiH 
suffer on aJl aides will be equal ; the walors of the lake preaa- 
ing it upwards and inwards, with forcea exSPtly equal to tboae 
by which the waters of the river press it downwarda and out- 
wards. It ifl clear, therefore, tha.t the channel haa no effect in 
sustaining or neutralizing any bydroatatical pressure, and that 
ita rerooval witl not call, into action an; force of thia kind. 
Suppose it then removed, and the waters of the lake themaelvea 
to form the channel through which the waters of the river flow. 
Bhall we conclude, that in thia case the waters of the riverwill 



o flow through tboae of the lake, the latter remaining 
quiCBCeni, and the two niafses of lîquid being uninlngled P u 
bas been found by experiment that such will not be me eScct 



The current of the river flowing in contact with the w 
the lake will impart to them a share of its own motion ; and 
tbeae again will communicate the motion tothoee bejrond them, 
until at length the watera of the lake, to agréât extent, on oacb 
ejde of the courae of the river, are put in motion. 

The following experiment was inatituted by Venturi to illu»- 
trate the principle of the latéral propagation of motion by a 
liquid. A horizontal pipe A B, _fig. 69,, waa introduced into a 

rsg.ea. 



Opposite to the mouth of A B, and at a ahort di»- 
it, was placçd a amall rectangular canal K L H N of 
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thin métal, with a curved bottom, perpendiciilar aides, and open 
at the top. This canal was so placed a^i to be capable of con- 
ducting a stream, flowing in at N K, over the edge of the vessel 
F, and discharging it at M L. The pipe A B conununicates 
with a réservoir R, kept constantly fiUed to the same heigbt, so 
that the water issues from B continually, with the same rafndity. 
The current flowing from B passes through the water in the 
réservoir C D £ F, in thB space between B and K, and enters 
the curved canal KL: it is forced up this by the velocity with 
which it issues from B, and flows out at L. By this arrange- 
ment, a current, equal in magnitude to the pipe A B, ia contin- 
ually flowing through the water in the réservoir C D E .F, in 
the space between B and N K. 

The efièct of this has been found by experîment to be, that 
the whole of the liquid in the vessel C D £ F, which is above 
the level B K, is carried with the liquid which passes firom the 
tube A B, up the canal K L, and discharged atL. The surface 
G H gradually falls, and is soon reduced to the level B4L, where 
it remains. 

The latéral communication of motion by fluids, hère desciib- 
ed, is not confined to the case where the fluid to which the 
motion is imparted, is of the same kind as that from which the 
motion is received. A current of water passing through the 
air will give to the air immediately contiguous to it a motion in 
the same direction. If a feather, or any other li^ht body, be 
«uspended by a long fine silken thread, and held mfimediately 
over the surface of a rapid stream, but not in contact with it^ 
it will be found to be driyen along in the direction of the stream, 
in the same manner as it would happen were it exposed to a 
blast of air. Tiûs effect, as might naturally be expected, is 
greatly increased wjhen the velocity of the stream is very con- 
sideraole. A cascade^ which falls from a great élévation, pro- 
duces a current of air, the force of which can scarcely be with- 
stood. Venturi,who investigated and explained this phenome- 
non, observed a remarkable exàmple of it, in a waterfall, which 
descends from the glacier of Roche Melon, on the rock of La 
Novalese, near Mount Cenis. 

The latéral communication of motion, combined with the 
irregularities in the shape of be.ds and banks of rivers, is the 
cause which produces ed^ies of water, which are frequently 
observed in thein. 

Let Jlg. 70. rcpresent the surface of a river, N R and O S 
being the shape of its banks ; suppose the current to run in the 
direction N R, and let B A be an obstacle projecting from one 
of the banks and impeding its course : the water will thus be 
caused to rise higheif above B A, and to discharge itself round 
the point A with increased velocity. The liquid in the spaçe 
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B D C A b.emg protected from the force of the descending 
stream by the obstacle B A, will at first be quiescent ; but the 
rapid flow of the water from the point A will communicate mo- 
tion to the latéral particles in the space C, and will convey them 
forward. The particles at E will then become slightly depress- 
^d, and the remoter particles towards D will hâve a tendency 
to fill the dépression ; the current from A to C will, however, 
continue to carry them off, and a hollow will continue in the 
centre of the space A C D. The water between A and C is 
thus acted upon by two forces ; viz. the force communicatcd to 
it laterally, and tending to carry it down the stream in the 
direction A C, and the tendency which it bas by its gravity to 
faU towards the centre of the cavity E. Thèse two forces axe 
precisely analogous to those by whjch a body is caused to move 
in a circular orbit, viz. a projectile force at right angles to the 
radius of the circle, and an attractive force continuedly solicita 
ing the body to the centre. The water by this means is whhrled 
round in an eddy, which is continually maintained by the ac- 
tion of the stream in rushin^ from the point A. 

A sudden contraction of Uie bed of the river, followed imme- 
diately by a widening of the banks, as at N O P Q, will produce 
the same effect as two obstacles, such as B A, placed on oppo- 
site sides of the river ; consequently, under such circumstances, 
eddies will be observed on both sides at P and Q immediately 
aller passing the contraction. 

The stream of water shooting from A will strike the opposite 
bank at G H, and will be reflected from it in the direction H S ; 
the effect will, therefore, be the same at H aa if tlie current 
cncountered an obstacle there similar to B A, and, consequent- 
ly, eddies will be repeated in the space near R. It follows, 
Uierefore, that a sudden contraction of the banks, succeeded by 
a widening, will not only produce eddies immediately adjacent 
to the contxaction, but that thèse eddies will be continued for a 
certain space aflerwards. 

Similar effects may be expected by inequalities in the bottom 
of a river ; but, instead of taking place as just described, in a 
direction parallel to the surface, they will be produced in a plane 
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peipendlcular to it, and the eddies will be presented upwards 
like the curling on the crest of a wave. 
Let^. 71. represent the section of a river p'erpendicular to 




its surface, A E exhibiting the shape of the bottotn. In the 
case of a gentle slope, such as A B C, let us first suppose the 
space A B C to be fiUed with water, which is quiescent, the 
stream of the river running upon its surface A C ; the motion 
of the river will be gradually communicated to the water below 
A C, so as to give it a motion from A towards C. The shape 
of the bottom ABC will cause it to be projectëd from C to- 
wards the surface, forming a vertical eddy which wiH frequently 
terminate in a ^rling wave. In this case B C acts in the same 
manner upwards as B A, in Jig, 70., did laterally. If the ex- 
tremities of the hoUow be abrupt, as at D G, subaqueous eddies 
will.be produced. ^ 

AU thèse eflfects may be exhibited experimentally, by causing 
water to flow through artificial channels with glass sides. 

It will be évident from ail that has been stated, that irregtr- 
larities in the bottom and sides of rivers must necessarily retard 
their currents; the force which would otherwise carry the 
stream directly down its channel is' hère wasted in producing 
latéral and oblique motions. AU the moving force of the water 
in an eddv must be originally derived from the précipitons de- 
scent of tne stream, which is therefore robbed of aU the power 
requisite for the maintenance of such effects. We, therefore, 
perceive why the velocity of rivers, in their descent to the océan, 
is always much less than that which would be calculated upon 
mechanical principles, supposing them to flow in a perfectiy 
even and regular channel. In fact, the effects of such inequal- 
ities partake, in a certain degree, of the nature of friction fthey 
are, as it were, friction on a large scale. It is also évident why 
rivers, the beds of which descend towards the sea with equêl 
acclivities, yet may hâve very différent veiociiies, the velocity 
being greater the more regular the channel. 

(105.) When a liquid in motion strikes a solid surface at rest, 
or when a solid surface in motion strikes a liquid at rest, the 
quiescent body deprives the moving one of a quantity of force 
equal to that which it receives ;* and this loss of force is said 

* Cab. Cyc. ACechanics, chap. iv. 
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to anse firom the résistance which the quiescent bodjr offera to 
the body in motion. When a solid body is immersed m a liquid, 
the force necessary to move it with any given velocity is found 
to be greater than that which would be necessary to move it 
with the same velocity when not immersed : this excess of force 
arises from the résistance of the liquid to the solid, and it is a 
problem of great practical importance to establish the rules or 
theorems by which this résistance may be estimated, and by 
which its laws may be exhibited. The same rules precisely 
will be applicable to solid bodies, such ns the float-boards of a 
water-wheel when struck by the water of a mill course. In the 
one case the force to be measured is called the résistance of 
the liquid, and in the other it is denominated the percussion of 
the liquid. In thèse, as in almost every other part of hy draulics, 
theory lends but feeble aid to practice. There are many efiects 
attending the opération of the liquid, whether in resisting or 
communicating motion, which, from their nature, élude the 
grasp of theory, and appear to be incapable of being représenta 
ed by mathematical or arithmetical language or symbols : never- 
theless, there are a few gênerai principles which may be re- 
garded as approximating within a certain degree of practical 
results, and sufficiently near thcm to impress upon the memory 
a gênerai notion of the phenomena,, if not to be useful in the 
actual calculations of the engineer. 

Indeed, the first steps in generalizing this class of eâeçts axe 
almost as obvions to the most common expérience as their exact 
détermination is difficult. For example, if a flot board of a foot 
square be moved in water with a certain velocity, so that its flat 
side shall be presented in the direction of its motion, a certain 
résistance is felt, and a certain force is necessary to keep it in 
motion ; but if the same board be moved in the direction of its 
edge, it is well known that a much less force will be found 
necessary to give it the same velocity as in the former case. 
When the boatman plies his oar, he keeps the flat part of tlie 
blade presented in thé direction in which he pulls, at that part 
of the stroke at which the greatest eflTect is produced in impell- 
ing the beat ; but when he wishes to extricate the oar from the 
liquid, preparatory to another impulse, he turns the blade edge- 
ways towards the water, and the résistance, which before was 
powerful, becomes immediately insignificant, , When the wings 
of a bird are spread for flight, the flat and broad part of their 
plumage is presented downwords, to give them support from the 
résistance of the air in that direction, while their edge is pre- 
sented forwards, to enable them to cleave the air wim as little 
résistance as possible in that direction. 

Thèse and like effects, which constantly fall under our ob- 
servation, indicate the gênerai fact, that the broader the surface 



144 A TREATISE ON irYDROBTATICS. CRAP. tZ. 

ipresented in the direction of the motioti, the greater will be 
tiie résistance. But it requircs more accurat« and philosophie 
exwnination, to tlecide whether tho incrpaaeTif resiBlance be 
alwafs in the exact proportion of the increose of surface pre- 
sent«d towards the motion : both theory and expérience décide 
this question in the affirmative. The résistance ariseB from 
the force irhich the moving body must expend in displscing the 
particles of fluid which lie iri its way : ail other things being 
the aanie, thia force must obvioUBly bo proportional to Ihe num- 
ber of particles to bo diaplaccd ; thia number will evidently be 
determmed by the magnitude of the surface. A flat board of 
the magnitude of one square foot displaces a certain quantity 
of liquid by its motion ; one of two square feet will displace 
twice that quantity ; and, therefore, will require twice the force 
to keep it in motion ; or, in other words, will suffer twice the 
résistance ; and the same will be true whateVer be the magni- 
tude of the surface. We, therefore, conclude generally that — 

"When a flat surface is moved perpendicularly a^ainst a 
fluid, the résistance which it suffers will increase or decreaae 
in the same proportion as the magnitude of the surftice is in- 
crease d or decreaaed." 

(106.) If, instead of being presented perpendicularly to the 
liquid, the surface be presented obliquely with respect to the 
direction of its motion, the résistance will be diminished on two 
accounts: firat, The quantity of liquid displaced will be less ; 
and, secondly, The action of the surface in dlsplacing it will 
hâve the mechanical advantage of an inclined plane, or wedge, 
so that, instead of driving the liquid forward, it will in some 
neasure piish it aeide. 

Let A D,Jig. 72., be the surface of a solid moving in a liquid 

Fig.tl. 



in the direction e jptessed by the arrow. It is évident that the 

Suantity of liqilid displaced by the surlÀce A B is the same aa 
lat which would be displaced by the smaller surfece A C mor- 
ing perpendicularly against the liquid. Let us suppose that 
A C is half the magnitude of A B ; it foUowa, therefore, that 
the quantity of liquid which «ouid be displaced by A C is half 
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that which would be displaced by A B, if it moved porpendicu- 
larljr a^ainst the liquid. Hecce it may be inferred, that by 
reason of the oblique positi(»i of A B, the quantity of liquid 
which it digplacea is reduced one half. 

AgaxOj this reduced quantity of liquid which ici so displaced, 
ifl iK^ dnven perpendicularly oefore the moving surface. The 
sorfkce A B acts on each particle of the liquid as a wedg^ acts 
in cleaving a pièce of timber ; and, b^ the principles of mechan- 
ics, it is established that a power acting against A C will over- 
corne a force on the face of the wedge greater than its own 
amount in the proportion of A B to A C ;* or, in the case 
already supposed, that of two to one. We, therefore, con- 
clude, that m the oblique position of the surface A B, com- 
pared with the same surface moving perpendicularly afainst 
the liquid, only half the quantity of bquid is displacec^ and 
that quantity oïdy offers £alf the résistance wrdch the same 
quantity would oner to perpendicular motion of the surface A B. 
The conclusion is, that by the obliquily of the surface A B the 
résistance is reduced to one fonrth of its amount. 

In like manner, if A C were a third of A B, the résistance 
would be reduced to one ninth of its amount. If A C were a 
fonrth of A B, the résistance would be reduced to a sixteenth 
of ita amount, and sd on ; the résistance being alwavs diminished 
in ^e proportion of the square of the back of the wedge, as 
compared with its face. 

In trigonometry, the number which expresBCB the proportion 
of A C to A B is called the sine of the anffle at B ; and thus 
the résistance to a surface moving in.a liquid is said to increase 
or decrease in proportion to the square of the sine of the angle 
which the direction of the. surface makes with the direction in 
which it is moved. 

The résistance hère determined is that which acts perpen- 
dicularly on the surface A B. The portion of it which acts in 
the direction of the motion may bc found by the principles fbr 
the res<dution of force. Let D £ express tne résistance per- 
pendicular to A B, and let £ F be drawn perpendicular to tàe 
direction of the motion, D F will express that part of the résist- 
ance wMch acts against the motion. The proportion of D F to 
B E is the same as that of A C to A B.t 

(107.) We bave hitherto omitted the considération of the 
efl»ct produced upon the résistance of the fluid by any change 
in the velocity with which it strikes the solid, or with which 
the solid strikes it If a flat board be moved perpendipularly 
a^piinst a liquid, it is quite évident that the sfreater the velocity 
with which it is moved, the greater will be we résistance which 
the liquid will offer to it ; and this effect may in part be ac- 

* Cab. %e. Meebankt, eh«|». xvi. f Ibid. eliap. ▼. 
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counted for very obviousl^r. It bas been already explained, that 
the résistance arises from the force which tbe solid loses in 
givinfif motion to the liquid which stands in its way. It is clear 
Uiat uie more rapid the motion of the solid is, the greater will 
be the velocity which it will communicate tô the fl«id, and, 
therefore, the 'greater the force with which the fluid will be 
propelled ; and, by conséquence, the greater will be die resist- 
aiïce opposed to the solid. But the increase of résistance is 
not merely in proportion to the velocity. Eaoh particl^ of the 
fluid which thie solid strikes during one second of time, if it 
moves with a double speed, rcceives from it a double force, and 
therefore offers to it a double résistance. But, besides this, the 
circumstance of the body moving with a double speéd causes it 
to strike twice as many particles in a second ; each pafticle, a^i 
just stated, being struck with a double force. It is^ therefore, 
apparent that a double speed will cause the body to impart a 
fourfold force to the liquid which it puts in motion. It.will put 
double the quantity of liquid in motion with a doubler velocity ; 
it folio ws, therefore, that it will be opposed by a fomrfold 
résistance. . 

By like reasoning, it will be easy to prove that a threeibld 
velocity will produce a ninefold résistance ; that a fourfbld 
velocity will cause the résistance to be increased sixteen timea, 
and so on ; the résistance varying in proportion to the square 
of the velocity. 

(108.) In the preceding investigation we hâve explained how 
the quantity of résistance is varied by any change in the mà^ 
nitude or figure ot the solid, or in the velocrty with which it ss 
moved. But, in order to render thèse conclusions useUil, it will 
be nëcessary to show the actual amount of the résistance in 
some one particular case. If this be known, its amount iii ail 
other cases may bë calculated by the theorems jùst explained. 
Thus, if the absolute résistance produced by any particular 
velocity be known, the résistance which would be produced by* 
any other velocity may be computed from the established prin- 
ciple, that the résistance varies in proportioii to the square crf 
the velocity. 

Experiments were instituted by Bossut, with a view to dé- 
termine the absolute résistance sustained by a Solid moved in a 
liquid. By thèse experiments it was found that if a flat board 
were moved perpendicularly against a liquid, it would Buffer a 
résistance equal to the weight of a column of the fluid, the base 
of which is equal to the board, and the height of which is equal 
to the height from which a body should fall, in order to acquire 
the velocity with which the board is moved against the liquid. 

It follows from this, that the résistance of difièrent fluids will 
be différent according to their spécifie gravitie*, for the heavier 
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a column of .the same height is, the greater in the same pro-^ 
portion will the résistance be. Tfaus the résistance of sea 
water is greater, in a slight degree, than that of fresh water ; 
and the résistance of mercury îs many times greater than 
either. 

When a jet of liquid strikes a solid at rest, it is fotind that 
the absolute résistance is différent, but that its variation dépends 
npon the same laws. In this case the force sastained by the 
solid is eqnal to the weight of a column of the liquid, whose 
height is double the height from which a body should fàll to 
acquire the velocity. Hence it foUows, that a vein of liquid 
striking a solid with a certain velocity produces an effect 
amounting to double that which would be produced by moving 
the solid with the same velocity in a similar liquid at rest 

(109.| The theorems just establishcd constitute the onlj 
results in hydraulics which deserve the name of gênerai princi- 
pies, and which approximatè within a limit sufficienHy close to 
the actual phenomena to be pf any practical utility. but, even 
in the application of thèse, there are several circumstances 
which ought to be taken into considération, in restricting and 
modifying the conclusions deduced from them. They are, how- 
ever, attended with several conséquences which expérience 
lldly vérifies, and which are of considérable importance in the 
practical applications of the science. 

The effect produced on the résistance of a liquid by the obh- 
quity of the surface of the solid which moves through it, forms 
a prominent élément in the problem^ for determining, under dif- 
férent conditions, the shape of the solid. This considération 
must materially affect the shape to be given to vessels of ail 
dénominations, whether for naviffating me seas, or for inland 
transport by canals and rivers. It is this principle which causes 
the length of the .vessel to be presented in the direction of the 
motion, and which gives a sharp prow, where circumstances 
ndnât it, the advantage over a round one. The beats which 
ply on rivers, or other sheets of water not liable to much agita- 
tion, nor intended to carry coxisiderable frei?ht, aie so con- 
structed, that every part of their bottom which encounters the 
liquid moves against it at an extremely oblique angle. The 
beats for the conveyance of persons to short distances on the 
Thames, and other rivers, afford obvions examples of this. 

Art in thèse cases only imitâtes nature. Animais, to whose 
existence or enjoyment a power of easy and rapid motion in 
fluids is necessary, hâve been created in a form which, with a 
due regaïd to their other functions, is the best adapted for this 
end. Birds, and especially those of rapid fiight, are- esamples 
ofthis. The neck and breast taperingj from before, and in- 
creasing by slow degrees towards the thicker part of the body, 
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cwise tbem to encoonter the air with a degree of obliquity 
greatly diminishing thé résistance, slight as it ils, which that 
attenaated fluid opposer to their flight ; but we find a more 
striking iUustration of the saine principle in the forms of fishea 
of everv dénomination. The reader must not> however, be 
tenpted to indalge in the supposition that nature has in thèse 
^cases soived the celebrated problem, to find the form of the 
soUd of least résistance. The solid contemplated in that prob- 
lem has no other fimction to discharge ezcept to oppose the 
résistance of the fluid, and the question is one of a purely ab- 
stract nature, viz. What shape shall be given to abody, so that, 
wlûle its volume and surface continue to be of the same mag* 
nitude, it will suffer the least possible résistance in moving 
throu^h a fluid ? It will be apparent that many conditions must 
enter into the construction of an animal, corresponding to its 
varions properties and functions, independently of those in vir* 
tue. of which it impels itself through the deep, or cleaves the 
air. The détection of vérifications of the remilts of theory in 
the Works of nature is in mènerai so seductive, that writers are 
Bometimes tempted to ovenook the inévitable causes of discrep- 
ancy in their eagemess to seize upon analogies of this kind. 
Without, howçver, seeking in natural objects Sie exact solution 
of a maûiematical problem unencumbered by varions conditions 
which nature has to fulfil, the examples which hâve been pro- 
duced give abundant manifestation of desigu in the works of 
the Creator,^ which is, or ougfat to be, the chief source of the 
delight which attends such Ulustiations. 

(110.) The résistance arising from the quantitv of fluid. dis- 
placed by the moving body may, therefore, be always greatly 
4iminished, and in some cases rendered almost insi^nificant,by 
a proper adaptation of its shape.* The accumulàted résistance 
aiisijig from the increased speed of motion is, however, an im- 
pediment which no art can remove. The fact that the résist- 
ance of a liquid to a body moving in it increases in a prodi- 
giously rapid proportion iu respect of the increase of velocily, 
is one which sets an impassable limit to the expédition of 
transport by vessels movinff on the surface of water. This 
property has long been wcll known ; but it has received greatiiy 
increased importance firom the récent improvements in the ap- 
plication of steam. If a certain power be required to impel a 
vessel at the tate of five miles an hour, it might at first view be 
thought that double that power would cause it to move at the 

* Muoh dépends upon givi^f to the poeterior extremitv that abape which wiU 
fkcilitate the flow of water to it. Unleu thit be attended to, there i« at this purt 
a depTostion of the «urfitce mach below the conunon leToI, and a coneeqttentdimi- 
nation of the hydrottatic pressure, whilat the motion of the body is opposed by 
the hydroetatic pressure of the higher column atthe anterior extrêmity.— Ah. Eo. 
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rate of tm miles «n hour ; but fh>m wliat bas been aiready 
proved, it will be perceived that four times the power is neces* 
aary to produ<5è this effect. In like manner, to' cause tiie 
yessel to move at the rate of fifteen miles an hour, or to gire 
it three times its original speed, nine times the original power 
Is neceesaiy. Thus it follows, that the expenditure of the 
moving principle, whetiier it be the powér of a steam engine 
or the strengâi of animais, increases in a mach larger ratio 
than the increase of useM effect If a boat on a canal be 
carried three miles an hour by the strength of two horses, to 
cany it six nûles an hour would require four times that number, 
or eig^ht horses. Thua double the work would be executed at 
four times the expense; 

(111.) Thèse considérations place in a conspicuous point of 
view the advantages which transport by steam enffines on rail 
'Toads possesses over the means of carriage furmshed by in- 
land navigation. The moving power bas in each case to over- 
come the inertia of the load ; but the résistance on the road, 
instead of increasing as in the canal in a faster proporticm than 
the velocity, does not increase at ail. The frictbn of a carnage 
oh a rail road, moving sixty miles an hour, would not be greater 
than if it moved but one mue an hour, while the résistance in a 
river or canal, were sucfa a motion possible, would be multiplied 
9600 times. In propelling a carriage on a lèvel rail road, the 
expenditure of power will not be in a greater ratio than that of 
the increiue of speëd, and therefore the cost will maintain a 
proportion with the useful effect, whereas in movinj^ a boat on a 
canal or river, every increase of speed, or of useml effect, en- 
tails an enormously increased consumption of the moving prin- 
ciplc. . 

But we hâve hère supposed that the same means may be re- 
sorted to for propelling boats on a canal, and carriages on a 
rail road. It does not, however, appear hitherto that this is prac- 
ticable. Impediments to the use of steam on canals faave hith- 
erto, except in rare instances, impeded its application on them ; 
and we are forced to resort to animal power to propel the boats. 
We hâve hère another immense disadvantage to encounter. 
The expenditure of animal strength' takes place in a far greater 
proportion than the increase of speed. Thus, if a horse of a 
certain strength is barely able to transport a given load tcn 
miles a day for a continuance, two horses of the same strength 
will be altogether insufficient to transport the same load twénty 
miles a-day. To accomplish that, a much greater number of 
similar horses would be requisite. If a stiU greater speed be 
attempted, the number of horses necéssaiy to accomplish it 
would be increased in a prodigiously rapid proportion. This 
will be évident if the extrême case be considered, viz. fliat 
13* 
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tbere îb a limit of speed which the hones under po cûrcum- 
Btances can ezceed.* 

The astonishment which has been excited in the public mind, 
hy the eztraoïdinary resdlts recently exhibited in propellioff 
faeavy carnages by, steam engines on rail roads, will subside if 
thèse circumstanees be duly considered. The moving power 
and the résistance are naturally compared with other moving 

Çiwers and résistances to which our minds faave been faniiliar. 
o the power of a steam engine . there is, in fact, no practical 
limit ; the size of the machine and the strength of the matériels 
excepted. This is compared with agents to whose powers na- 
ture has not only imposed a limit, but a narrow one. The 
strength of animais is circumscribed, and their power of speed 
still more so. A^ain, the résistance arising firom friction on a 
road may be dimmished by art without any assignable limit, 
nor does it sustain the least increase, to whatever extent the 
epeed of the motion may be augmented ; on the contrary, the 
motion of a vessel through a canâ bas to encounter a résistance 
by increase of speed, which soon attains an amount which 
would defy even the force of steam itself, were it applicable, to 
overcome it with any useful effeet 



CHAP. X. 

OF HTDRAUÏJC MAOHINKfi. 



WATER WHEELS.— OVERSHOT. UNDERSHOT. BREAST. — BARKER'S 

MILL. — ARC0IMEDE8' SCREW.-^SLUICE GOV£RNOR.->€HAIN PUMP. 

(112.) The term *' hydraulic machinery," in its gênerai 
sensé, is understood to comprise ail machines in which the 
force of water is used as a prime mover, and aiso those in which 
other powers are applied for the purpose of raising or impelling 
water itself. Many of thèse machines, however, owe their ej^ 
ficacy to principles and properties, the investigation of which 
properly belongs to departments of physical science foreign to 
that which forms the subject of the présent treatise. We shall, 
therefore, hcre confine our observations to such machines, or 
parts of machines, as admit of explanation by the principles of 
hydrostatical science, combined with the ordinary principles 
of mechanics. 

(113.) The most usual way in which water is applied as a 

* Cab. Cyc. Mechanics, chap. xx. 
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prime moTcr ta machineiy, is bj cuiaing it ta act either by iU 
impulse in motion, or by Aa weight on the ciicumference of & 
wheel, in a direction ai rig'ht angles to the Bpokea or radii, and 
. thuH to make the wheel reçoive and communicate motion to its 
axis. - This motion is transmitted in the uBual way, by wheel- 
work and other eontrivutces, to the machineiy wlucb it ia re- 
quired to work. 

Water wheels vory in their constnictioa, according to the 
way ia which the force of the liquid ia istended to be applied 
to them. The principal forma which theyassume are denom- 
inated overahot, undersbot, and breoat wheela. 

Overshot Wkerf. 



ities, called buckets, are conatructed, which in the figure are 
ezposed to view, byeupposing one of the aidea which ecctose 
them tobe removed. Wbat may be called the moutha of the 
bucketa are ajl preaented in one direction in going round the 
wheel, and hy this means the bucketa on one aide will t^ways 
bave their moutha preaented upwarda or nearly so, while those 
on the other aide will hâve their moutha {ireeented downwarda. 
It followa, therefore, that the bucketa on the aide B are in 
Buch a poaitdon that ail of them are capable of containing aome 
water, and aome of them of being kept filled, while those on 
the Bide D are incapable of retoining any liquid. Let us sup- 
pose a Btream to flow from F into the buckct marked 1. Tha 
weigbt of ihe water whicli fills this bucket will cause the wheel 
to turn in the direction 123, &-c., and the other bucketa will 
Buccesaively corne uuderthestream, and become filled; andthia 



152 A TREATISE ON HYBR0STATIC8. CBAP. Z. 

contÎDueB until the range of bockets ftom A to B are fiUed. As 
the buckets approach B tîiey beffin snghtly to lose the liquid 
by tfaelr change of position, and afler passing B this loss is 
rapid, so that before they arrive at the lowest point C, they are 
empty, and in that state they ascend round C D to A, where 
they jLre again replenished. It appears, therefore, that there 
is a weight of water continually acting on one side of the wheel, 
distributed in the buckets ftom 1 to 8, and that this weight is 
not neutralized by any correspond tng weight on the opposite 
side. The wheel is, therefore, kept continually revolving in 
the direction A B C D. A référence to the properties of the 
lever, or the wheel and azle, as explained in Mechanics,* will 
make it apparent that the water côntained in the several buck- 
ets is not equally efficacious in giving motion to the wheel. 
The weight of the water which fills the bucket 1 has the same 
effèct in tuminff the wheel as an equal weight acting down- 
wards at a would hâve in tuming the lever D B on the centre 
O. In like manner the weight of the water in bucket 2 has the 
same effect in iuming the wheel, as a simîlar weight acting at 
h would hâve in tuming the same lever D B. Now if the 
weights be the same, the efSicacy to tum the lever will be in- 
creased in the proportion of O a to O 6. Although the contents 
of the bucket in passing firom 1 to 2 may expérience a slight 
diminution, yet tins loss is perfectlv insignificant compared 
with the advantage of the increased leverage O h. In like 
manner the leverage continues to increase ; that of the bucket 
3 being O c, of 4 being O dj and finally, the bucket 5 having 
the leverage of the whole radius. After passing below B the 
leverage begins, on the contrary, to decrease, and continues to 
decrease until it arrives at C. From thèse circumstances it is 
obvions that the efficacy of the wheel will, in a great degree, 
dépend on ^ving the buckets such a form as wiU cause them 
to lose as little water as possible until they pass the point B, 
where they hâve the greatest me<^hamcal advantage. As they 
approach C the circumstance of discharging their contents be- 
comes of less importance because of the decreasing leverage. 

Millwrights hâve expended much ingenuity in contrivmg 
forms for Uie buckets, calculated to retain the water in those 
parts of the circumference where its action is most efficacious, 
and to discharge itwith facility and expédition. Détails on 
this subject would, however, be misplaced in the présent 
treatise. 

Numerous experiments hâve been made to détermine the 
most advantageous size of overshot whëèls, and the best veloci- 
ty at which they can be worked. Most authors are of opinion, 

* Cab. Cye. Mechanicw, ehap. xtr- 



CRAP. X. ÂS8T VELOCITY. 153 

that the diameter of an ovendiot wheel should never exceed the 
height of the fall of water by which il is impelled ; but that it 
should be as nearly eqaal to tbis as is consistent with giving 
the water sufficient velocity on entering the buckets. Some, 
howerer, think, that the diameter might with advantage even 
exceed the height of the fall. With respect to t&e velocity of 
the wheel, some maintain that the SlOWer the motion the greater 
will be the effect; while others hold that there is a certain^ 
velocity (of very small amount) which will fftve a maximum ef- 
fect, and assert that those who maintain ue contrary opinion 
hâve not carried their expérimenta to a sufficient extent to es- 
tablii^ the principle. 

It requires litde refiection to be able to percéive how the 
usefbl effect may be greatest when the wheel moves with 
a certain velocity, any hïçreasâ or decrease of that velocity di- 
minishing the actual quantity of work done in a given time. 
The power of the wheel being the same, the velocity with 
which it moves will be less in proportion as its load is increased. 
Suppose a water wheel works a flour mill, in which, at différent 
times, it bas to moVe a différent number of millstones, it is évi- 
dent that the greater the number it bas to move, the slower wHl 
be the motion which it will impart to each ; and, therefore, 
although the quantity of flour produced will be increased by 
increasing the number of stones, yet the quantity which each 
stone will produce wiU be diminished by the increased slowness 
of the motion. There is a certain velocity at which thèse ef- 
fects mutually neutralize each other, and at this velocity the 
useful effect is at its maximum. 

Supposé the poWer of the wheel is expended on moving the 
millstones without being fed with corn ; the velocity of the 
wheel will then evidenSy be greater than if the résistance of 
ths grain were opposed to the power. The usefiil effect will, 
however, in this case be not^g ; the whole power bein^ ex- 
pended on moving the unloaded machine. Lot one paurof 
stones be now called into action ; the velocity will be immedi- 
ately diminished by the increased résistance, and the useful 
effect will be estimated by the quantity of flour produced by 
the single pair of stones in a ^ven time, as one day. Let two 
pair of stones be now called mto action ; the résistance being 
further increased, the velocity will sustain a corresponding 
diminution. The first pair of stones wiH produce a less quan- 
tity of flour in a day than they did before the second pair were 
called into action ; but this will be more than compensated for 
by the quantity of flour produced' by the second pair, which 
before were unemployed. The same reason will bé applicable 
if a third pair be called into action, and so on. Now ^t is évi- 
dent that the wheel may be required to move so many pairs of 
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stones, that its whole power will be necessary barely to give 
them motion, none remaining to oveircome the additional reiôst- 
ance offered by the corn with which they are fed. This résist- 
ance will then stop ail motion, and no work will be donc or 
useful effect produced. It is évident that as the machine 
gradually appfoaches this limiting state, the useful effect will 
dimiiùsh by de^ees before it altogether vanishes ; and the 
point at which it commences so to diminish is that at which 
the maclûne has the velocity which produces the greatest use- 
ful effect 

" Expérience," says Smeaton, " proves that the velocity of 
three feet in a second is applicable to the highest overshot 
wheels as well as to the lowest ; and ail other parts of the 
wprk, being properly adap^d thereto, will produce very nearly 
the greatest effect possible. However, tliis also is certain from 
expérience, that high wheels may deviate farther from this rule 
before they will lose their power by a given aliquot part of the 
whole, than low ones can be admitted to do. For a wheel 
of 24 feet high may move at the rate of 6 feet per second, with- 
out losing any considérable part of its power 'y and, on the other 
hand, I hâve seen a wheel of 33 feet high, that haâ moved very 
steadily and well, with a velocity but little exceeding 2 feet 
per second." 

Undershot JVkttL 

(115.) An undershot water wheel is an ordinary wheel tum- 
ing on an axis, ûimished with a number of fiât boards placed 
at equa) distances on its rim, and projecting from tt in direc* 
tiens diverging from its centre, and having their flat faces at 
right angles to the plane of the wheel. Thèse boards are called 
float boards ; and such a wheel, of the mpst common construc- 
tion, is represented in fig, 74. The edge of the wheel, at ita 

Fig. 74. 




lowest jfoint, is immersed in a strcam called a inill-course, and 



OHAP. X. tlNDERSUOT AND BBEAST WIIEELB. 155 

the floAt boarde are intsnded to receive the uqMilse of the 
water as it passes muter the wheei. The wheel ia thereby 
caused to revolve in the direction of the stream, with a force 
dependine on the quantity and^elocity of the water, and the 
number, fonn and position of the flou boards. 

The DuU-courBe is usuallv an artîiicial canal, conied JTOin 
the river or other réservoir from which the waier is supplied, 
and conducted, afler it has pasaed the wheel, to Bome con- 
venient jjoint, where it may be again diacharged into the bed 
of the river. In order that the water may strike die wheel 
*ith the greateat possible force, no more inclination ia ^ven 
to the mill-course A B,^. 75., than is aufficient to give motion 

Fig.15. 



to the water in ît, until it cornes within a short distance of the 
wheeL There a fall B F ia conatructed, and the etteam baving 
acquired a velocity corresponding to the height of thia fall rushes 
a^ainst the floal boards, and puts the wbeel in motion. The 
miU-couree then baaafiirther fall M V N to carryoff the water, 
which would otfaerwise impede the advancing float boaid. 

It is found by expérience advantageous that the float boarda 
ahould not precisely converge to the centre of the wheel, but 
that instead of being perpendicular to the rim of the wheel they 
riiould preeent an acute angle towards the current. By thu 
means force is gained, not merely by the impulie of the water, 
but in Bome degree by ita weight. 

The experimenU instituted to détermine the beat velocity of 
the wheel, and the beat number of float boarda, nnder given 
circumatancea, do not appear to hâve led to any principles, euf- 
ficiently gênerai and certain, to endtle them to notice hère. 

Breatt IfTtttl. 

iU6.) A breast wheel partakes of the nature of the overahot 
undershot wheela. Like the latter, it is fumished with 
Soat boards inatead of buckets ; but, like the former, h is work- 
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mI more bj the veight of ^rater than b^ ita impulse. The water 
ù ddivered at a powt M, fig. 7&, nearly on s level with 
tfae axis of the wheel, bnd the mill-couiBB below that noint ù 



accommodated to the iihape of the whee], ao that the float 
boords tilm neuly in contact witfa it. The apacea enclosed by 
the float boards and the loill'conrse thua serve the aame pur- 
poae as buckets in the OTerahot whael, and the wster encloaed 
in theiû tiima the wheel by ita weight. 

Barktr't MO. 
(117.) The machine known b; thia name conaists of a hollow 
Hpright tube of meta], A B,Jig. 77., teiminatiDg' in the uppet 
end B in a fimnel, and attached to an upri^ht axia C D, on 
which a toothed wheel is fized, froni whicb motion may be 
conunimicated to any machinery. The hollow tube B A com- 
municates wiih a cross tube E F closed at the enda, and the 
U[night tube A la cloaed at the lower end, and terminâtes in s 
point or pivot, which tnms fïeely in a hollow cône adapted to 
receiva it The whole ia encloaed in a&ame and inunereed in 
a réservoir. Let wat«r be suppoaed to be sapplied to the fim- 
nel B, from a pipe G, and let the uprigbt and croaa tubes be 
thuB filled. The water standing at the level B, a pressure ia 
excited on every part of the cross tube E F cqual ta the weieht 
of a column of water whoae height is A B. But since Oiis 
iwessure acts equally in every possible direction on the tube 
£ F, it will keep Ihe tube in equilibrium, and no motion wi)l 
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ensue. Let two holes be now pierced in opposite aides of tfae 
tube £ F, and near the extremitiês, and let the water be sup- 
|died at 6 as iàst as it flows ftom thèse holes, so that the level 




B will be maintained. Those parts of the tube E ]?, from which 
the water issues, will thus be relieved from thè pressure above 
mentioned, but the corresponding points on the opposite sides 
of the tube wiU still continue to sustain the same pressures. 
Thèse pressures are, therefore, no longer counterbalanced, 
since they both tend to make the tube revolve in Ûie same di- 
rection. The arms E F will, therefore, immediately conunence 
to revolve, and will tum the upright tube round on the pivot, 
ffiving motion at the same tmie to the toothed wheel above. 
This motion may be communica^d tb any kind of machinery. - 
In some elementary works on hydraulics, the opération of 
this machine is ezplained on tota&y wrong principles. The 
motion is said to be produced by the résistance of the air to 
tiie issuing water. It would be easy to réfute this absurd no- 
tion upon theoretical principles ; but perhaps the argument 
most intelligible to those who give such an explanation, is to 
bid them tiy a model of Barker's mill in vacuo. The motion is 
produced on a principle precisely similar to that which causes 
a gun to recoil when discharge^- 

JkrMiMdu^ Screw, 

(118.) Thia instrument is said to bave been invented by Ar- 
14 
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chunedes whea in Egypt, for the pùrpoee of enablmg the in- 
habitants tp clear the low grounds from the stagnant water 
which remained aller the periodical overflowings of the Nile. 
It was also used instead of a pump to clear water from the 
holds of vessels ; and Athenteus states that the memory of Ar- 
chimedes waa venerated by sailors for the benefit thus conferred 
on them. 

The instrument may be presented under différent forme, 
which, however, ail agrée, in principle. Suppose a leaden tube 
to be bent into a spirâ form like a corkscrew, or the worm of a 
still, as represented in^. 78. Suppose A the extremity to be 

Fig. 78. 




open and presented upwards, and suppose the screw to be 
maced in an incline d position, as represented in the figure. 
From îts peculiar form and position it is évident that commenc- 
inç at A, the screw will descend until we arrive at a certain 
pomt, B ; in proceeding from B to C ît will ascend. Thus B 
is a point so situate that the parts of the screw on both sides of 
it are more elevated than it is, and therefore if any body were 
placed in the tube at B, it could not move in either direction 
B A or B C, without ascending. Again, the point C is so situ- 
ate, that the tube on each side of it descends ; and as we pro- 
ceed, we fînd another point, D, which like B, is so placed thàt 
the tube on eacb side of it ascends, and, therefore, that a body 
placed at D in the tube could not move in either direction 
without ascending. In like manner there are a séries of points, 
F, H, &c., continued along the whole length of thè spiral, 
which are circumstanced like B and D \ and anotlier séries, 
E, 6, &c., which are circumstanced like C. 

L-et us noV suppose a bail, less in size than the bore of the 
tube, so as to be capable of moving freely in it, to be dropped in 
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at A. As the tube descends from A to B the bail viU descend 
by its weight, as it would down an inclined plane, until it ar- 
rive at B. The force which it acquires in its descent will carry 
it beyond this point, aûd will cause it to ascend to a small dis- 
tance towards C ; but its weight soon destroys the force which 
it bas retained by its inertia, and afler a few oscillations on each 
side of B, its motion will altogether be destroyed by the friction 
of the .tube, and it will remain at rest at that point 

Now suppose the bail for a moment to be fastened or attached 
to the tube at B, so as to be incapable of moving in it ; and 
suppose the screw to be tumed nearly half round, so that the 
end A shall be tumed dowhwards, and the point B brought 
nearly to the highei^t point of the curve ABC. It is évident 
that the séries of points B, D, d&c^ which were befote situate 
so as to hâve ascending parts of the tube on each side of them, 
are now in the very contrary predicament, having interchanged 
situations with the points C, E, &c., as represented in Jig. 79. 

Fig, 79, 




The bail which we supposed attached to tho tube, is now hang- 
ing as it were on the brow of an acclivity, inunediately to the 
right of the highest point at B ; for we bave supposed the point 
where the bail was placed to be brought nearly, but not exactly, 
to the highest point. If the bail be now diaengaged or detach- 
ed, it will descend by its gravity from B to C, where it will 
ultimately rest The point at which B was placed when the 
screw was in the position represented in Jig. 78., is marked h 
ïnfiff, 79. In fact, by turning the screw on its axis half round, 
it must be évident, upon the slightest attention, that no point 
of it can be really advanced in the direction of its length, «nd 
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that no other effect cun be produced than to canse every point 
to revolye in a okcle round its axis. Thus the point B» f^. 78^ 
is transferred from the lowest part of the circle in which it re- 
yolves, nearly to the highest, aa represented in/§^. 79. : the baU, 
thereforO) being no longer placed between two ascending parts 
of the Bcrew, will no longer be prevented from movin^ in obé- 
dience to its gravity ; it will hâve an ascent on one side. and a 
descent on the other, and towards the latter, of course, it must 
fâlL The whole effect, therefore, of the half tum which we 
haye supposed, is to transfer the bail from the point h to the 
point C, which is, in fact, équivalent to moving it up the inclined 
plane A C, ûg, 11% from 6 to C. 

Another hâf tum of the screw will be attended with similar 
effects. The bail being supposed to be attached to the tube at 
C, will, when the tube is réstored to the position represented 
in j^. 78., cause the bail to stand on the brow of an acclivity 
descending from C to D. If the bail, therefore, bef again diaen- 
ga^d, it will fall to D, where it will again rest By this means 
Sie bail is therefore carried up the inclined plane from c to D, 
as in^. 78., or, what îb the same, from C to c^ in j^. 79. 

It is clear that, by continuing this reasoning, we could show, 
that, under the circumstances supposed, the bail would be 
gradually transferred from the lowest point of the iaclined 
plane to the highest as fàr as the scrcw extends. 

We hâve supposed the bail to remain attached to the screw 
at B until a half tum of the screw is nearly completed, and not 
until then to be détached. But suppose that the bail isdetached 
when a very small part of a tum has been made : the point B 
wUl thus be brought into a situation a little above that at which 
it has an ascending branch of the screw on each side of it ; it 
will then hâve a descending part on that side from which it was 
moved ; if détached it will consequently descend in that direc- 
tion, and will cease to move when it arrives in that part of the 
screw where it will hâve an ascending branch at each side of 
it. Now suppose the bail not to be attached to the tube, but 
mereW to lie in it, the motion which we hâve hère supposed to 
be efl^cted at intervais, and to be intenrupted by the bail being 
occasionally attached to the tube so as to prevent it moving, 
will, in fact, taJce place continuously, and the bail will be car- 
ried up the inclined plane, not by distinct efforts separated by 
intervals, but bv one uninterrupted and continiious motion. 

Ail that has been said of a bail in the tube would be equally 
trae, if a drop or any quantity of a liqmd were eontained in the 
tube instead of the bail. Therefore, if the eztremity of the 
screw were inmiersed in a well or réservoir of water, so that 
the*water would by its weight or pressure be continually forced 
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into the extremi^ of the tube, it wonld, by tunÛDg the tabe, 
be gradually camed aloBg the spiral to any heig^t to which h 
maj extend. 

From the explanation ffiven above it ia clear, that it is eaaen- 
tial to the peifonnance or this machine that the élévation of the 
spiral above the horizontal position sbould not exceed a certain 
limit In fact, in each spire of the tube a certain point must 
be found, on either side of which the tube ascends. Now it is 
apparent that the tube may be so elevated in its position, that 
the part of the tnbe which proceeds towards the lower extremi- 
ty or tiie screw will descend in every part of the tube : this 
will be quite évident if the screw be supposed first to be placed 
in a perfectly upriffht position. Under such circumstances it 
is obvious, that if die bail were placed any where in the tube 
it would fall down to the lowest point ; a slight inclination from 
the vertical position will not prevent this from happening ; but 
if the screw receive such an inclination, that in each spire a 
point will be found so placed that the part proceeding towards 
the lower extremity shall ascend, then the bail placed at such 
a point will remain at rest ; and, if the screw be tumed, will as- 
cend, as already explained. 

In practice, the spiral channel through which the water is 
carried is not in the form of a tube. A section of the instru- 
ment, as used in nractice, is represented in^. 80. 




The screw possesses an advantage over common pumps in 
being capable of raising water which is not pure, being mixed 
with gravel, weeds, or sand. The screw may be kept in a state 
of révolution by any of the usual moving powers. Dr. Brcwster 
mentions that an excellent engine of this description was 
erected, in 1816, at Huriet alum works, upon the water of Lev- 
em near Paisley; This engine was moved by a water wheel, 
which communicated by a long shaft with the screw ; abeveled 
wheel was constructed on the screw, which worked in another 
14* 
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beveled wheel on the extremity of the shaft ; ànother beveled 
wheel on the azle oC the water-wheel, worked in a coirespond- 
ing wheel on the other extremity of the shafl. The screw was 
thus kept in constant révolution by the fUl of water which sup- 
plied the réservoir, from whence the same water was to be 
raised by the screw itself. 

T%e StiUee Govemor, 

(119.) In explaining the opération of water wheels, it was 
shown that there was a certain velocity at which the useful ef^ 
fect resulting from them is a maximum. Any déviation from • 

this rate of motion, whether by increase or decrease, must be 
attended by a corresponding loss of power : but, since the water 
in the mill-course must, from obvious natural causes, be subject 
to considérable fluctuations in its quantity and force, the veloci- 
ty which it would communicatc to the wheel would undergo 
{«roportionate variations. It is, therefore, necessary to provide 
some means of controlling the quantity of water, and measurinff 
. out the power so as to maintain a steady velocity in the wheeL 

Independently of the fluctuating energy of the power, changes 
of velocity are liable to be produced by occasional changes in 
the amount of the load or résistance. Thus, in a corn mill, if 
a greater or less number of pairs of stones are in action at one 
time than at another, a proportionately increased or diminished 
supply of the moving power will be necessary to giye the wheel 
the same velocity. 

The necessity of re^rulating the motion of the wheel does 
not, however, alone anse from the advanti^e of causing the 
moving power to produce the greatest possible effect The 
nature of the work to be performed is almost in every case suçh 
as requires the machinery to be moved with a certain velocity. 
Thus,. in a corn mill, if the speed surpass a certain limit, the 
' flour becomes heated and injured. Spinninff and weaving ma- 
chinery, in like manner, requires to be conducted at a certain 
rate, any irregularity in which must injure or destroy the fabric 
of the manufacture. 

For ail thèse reasons, the power, whatever it be, which gives 
motion to machines or fkctories, must be so regulated, as, under 
every change of circumstances, to produce a uniform motion ; 
and the same contrivance, usually oalled a fovemor, hasybeen 
found to be applicable to moving powers, dinering very much 
in their nature, such as water, steam, &c. This instrument 
bas already been described in the treatise on Mechanics in 
tlds Cydopdfeia,* in its application to the steam-engine. It may 

* Cab. Cye. Mechanics, chap. zvi. 
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not be oniiiteraatiBg hère, however, to eiplftin ita appbcation 
in regulating tbe motion of awater wheel. 

D D, Jig. 81,, is a Bhaft to which a grooved wheel W is «t- 
tached ; roand this wheel a rope ia carried, which is moved by 
R correspending wheel placed on «orne sbaft in the machineij 

Fig. 31. 



ired by the w 



whed. BBs; 



o heavyballa attached 



to roda B E F, which plaj npon a joint at E. ïhes 
nected by jointa at F, with other rode F H, which are joiated 
upon a ring at H, which alidea up and down the abaft D D. 
Tbia ring ia connected with the end, T, of a lever, whoee fui- 
cmm is at G, and which bas at the other eitremity a ring or 
fork. A, which embracea the axis of a double clutcb, Q, in aunh 
a manner aa to alloW thia axis to tuin ireely within it. Thla 
clutch Q, ia itaelf placed upon a ahall or azia, on which it ia , 
capable of aUding freely up or down, but on which it cannot 
tum wtthout canaing the abaft to revolve with it. The effect 
of the arrangement hère described ia eVidenL 

If the halls B B be raiaed ftom the axia and drawn, aa it were, 
asunder, the rods turning on the pivot E wiU cauae the eitremi- 
tiea F alao to aeparate, and increaae their diatance from the 
axis. Thia will draw the rods F H in the aame direction, and 
cause the ring H to descend, drawing the extremity I of the 
levet with it The other eztremity A will thua be Tftiaed. If, 
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DU the «tber hud, the balla B B be bnnigla neuer tlis «xii, 
the coDtraxjr efiècts wiU be produced, the extiemitT I beinv 
nised, mnd the extremitf A lowered. In tbe one cww tlie &rk 
A vill niae the cluteh, and in the othef will lower it, caïuinf 
it to alide iloiig tha ihaft L L. On thU ihaft ue plitcsd tro 

Flg. 8t. 



baveled wheels O P which move loosely upou it, tumiof; inde- 
pendent of the ehaîL A third beveled wheel R «orka |n botb 
of thèse, turning tbem in opposite directions. Thia wheel re- 
ceiveB its motion from the ehâft D D, with which it is oonnected 
by other wheels not represented in the figure. Under the cii- 
cumetances bere expUtned, tbe sh&tlLL is U rept^having the 
beveled wheeU P tuming &celjr on it in opposite directions, 
and the machinery is auppoeed to be moving with the proper 
voiocity. 

Now supposa this velocity tïom any cause to undergo a sud- , 
den increaae. By reason of the increased centrifuiral force 
arising &om the whirling modon, the balls B B wm recède 
from me ehoft D D, ând, as already explained, wUl cause tbe 
cluteh Q ta rise towards the beveled wheel P. This cluteh 
bears four projectiiig pièces on the ftce presented towarda the 
beveled wheel, which m preesed by the end A of the lever 
into corresponding cavitiee in that wheel. When this takes 
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place, the clutch is compelled to revolve with the wheel, and 
tbe axis revolve» with the clutch. 

Again, let it be supposed that the velocity of the machinery 
hecomes diminishedy from any cause. The centrifugal force 
produced by the whirlùiff motion of the balls B B being thua 
diminished, the balls wilThave a less tendency to recède firom 
the axis D D, aiid will therefojre foU towards it : this, as already 
ezplained, wÙl cause the extremity of the lever A to move down- 
wards on the shaft L L, and projecting pièces on the opposite 
face of the clutch (^ will fall into cavities on ^e beveled 
wheel O, in the same mannêr as already described with respect 
to the beveled wheel P. The .clutch Q, and the shait L L, 
will now be compelled to revolve with the wheel O, in a direc- 
tion opposite to that in which it revolved in the former case. 
It will tiierefore be perceived that any déviation in the velocity 
of the machinery fîom that veloci^ which, from its nature, it 
ought to haye, will cause the shan L L to tum in the one di- 
rection or in the othér, accordin^ as the motion is increased or 
slackened. This shaft commumcates by means of an endless 
screw, with a rack or toothed arch, which works a sluice gâte, 
as represented in the figure ; and when the shaft is tumed in 
one direction, it closes the ^te so as to diminish the supply of 
water, and when it ia tumed in the opposite direction, it opens 
the gaie so as to increase its supply,' Thus, when the machine- 
ry reçoives an undue increase of speed, the sluice-gate is 
cloeied, and the supply of power diminished, and the velocity 
ohecked ; when the motion is reduced to its proper rate, the 
Mis B B fall to their proper distance from tiic axis, and duen- 
gage the chitch fircMn the beveled wheels, and ail further action 
upon the sluice-gato is stopped. When the machinery receives 
an unduè diminution in its rate bf motion, the same efiect is 
produced by the other beveled wheel opening the flood-gate. 
When the proper rate of motion is restored, the balls B B rise 
to their ^t position and disengage the clutch. 

Thus the machinery is constantly caused to move at a uni- 
form rate, and the ffovemor is adjusted in the first instance so 
that the clutch shaH be disengaged from both- beveled wheels 
when the machinery is moving at the proper rate. 

• 

The Chain Pump. 

(120.) The chain pump is a contrivance for lifting water in a 
cylinder by having a movable bottom fitting water-tight in it, 
which can be moved to the top, driving ail the contents of the 
cylinder before it. In^. 82. A B is a cylinder, the lower part 
of which is immersed in a well or réservoir, and the upper part 
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entera the bottom of a cistem into which the water is to be 
raised, An endless chain is carried round the wheel attbe toj^ 
and is furnished at equal distances with pistons or movable 
bottoms, irhich fit water-tight in the cylinaer. As thèse suc- 

Fig, 82. 




cessively enter the cylinder, they carry the water up before 
them, which is discharged into the cistem at the mouth of the 
cylinder above. The moving power is usually applied by a 
winch or otherwise to the wheel. The cylinder may be placed 
in an inclined position, in which it works to more advantagfe 
than when vertical. The efiect is greatest when the distance 
between the pistons is equal to their diameten.- 
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FORM OF BODIES.— HOW AFFECTED BT HEAT.->AERIFORir STATE.— 
ELASTICITT.*— DIVISION OF MECBANICAL SCIENCE.— «OHPRESSIBILI- 

' TY AND INCOMPRESSIBILITT. — PERMANENTLT ELASTIC FI^UIDS.—- 
VAPOR. — STEAM, — ATMOSPHERIC AIR. 

(121.) The effects which the présence of heat produces on 
the physiqal state of a body bave been noticed in the first chap- 
ter of our treatise un Hydrostatics. Tbe opposite principles of 
cohésion and repulsion are made to change their relation by the 
variation which the latter undergoes on Sie increase. or diminu- 
tion of the heat contained in ue body. The liquid state in 
which bodies are contemplated in . hydrostatics is one in which 
thèse antagonist principles are maintained in equilibrium, or 
nearly so. In the department of physics, which we are now 
about to investigate and explain, bodies are contemplated in 
that state which results &om the prédominant influence of tho 
répulsive principlc. The constituent partiales of the body 
under considération repel each other so actively, that they fly 
asunder and separate, so that the whole mass will dilate itself 
to any eztent, unless its expansion be limited by the opération 
of adéquate forces, confining it within certain dimensions. 

The most obvions and familiar example of the physical state 

hère referred to, is that of atmospheric air. Let A B, Jig, 1., 

be a cylinder in which a piston P moves air-tight, and lét us 

suppose that a small portion, asacuMc inch,of atmospheric air. 

15 
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Fig. I. in it« cororaon stste, be contained between the 
piston and the tiottom of the c^Iinder : suppose 
the piston now dniwn upwards, as in Jig. S., ea 
i Bs to increftse the ronce below it to two cubic 
' ' inchea. The air «iU not continue t« fill one 
cubic inch, leaving the other cubic inch udoc- 
CDpied, as would be the case if a eolid orliquid 
had been benaath tbe piston in the first in- 
stance ; but it will expoud or dilat« until it 
spread itself through every part of the two cubic 
inchea, so that everj paît, however amall of this 
ipace, will be found occupied by air. Again, 
suppose the pistou further elevated, ao tbat the 
space below it shall omount to three cubic 
inches ; the air will etill further expand, and 
will spiead itself through every part of the in- 
creased ap&ce ; and the aame effect would con- 
tinue to be produced, to whatever exteot the 
opace might be increased through wliich the air is at libertj tu 
circulate. 

This quality of expanding, as the surround- 
Fig. t. ing limita are eiila^e4, has caused air, and 

ever^ body existing in that state which gives it 
the hke propert^, to be called an datlk Jlvid ; 
and, in contiadistinction to this, liquida whose 
particles do not repel each other, ao as to produce 
the same efiect, are called indastic fiuidt, 
' Thus tbo mechanical theory of inelaatîc fluids 
forma the subject of Hydrostatics, and that 
nf elastic fluids the subject of Phechatics. 
Aa water, the moat common of liquida, is taken 
as the type or ejtample of ail others, the naine 
Hydroatatica is taken Iroin two Greek words, 
Bigniiyinff water and equilibrium. In like mut- 
? ner, air beine selected as the most Amiliar 
ezample of ail elaatic fluida, the najne Fn«ama- 
tic* la borrowed from a Greek word aignii^g 
air, or bnalk. 

(12a.) The qualities depending on the aeri- 
. -B fbrm atate cannot properly be taken as the faasia 
of the classification of the apeciéb of bodiea, 
becaïue, by the agency of beat, ail bodiea may be rednced to 
thia State ; and although in every instance the question hss not 
been brought to the actual test ofezperiment,yetthers are the 
sbvngeat analogiea in support of the conclusion, that al] aerifunn 
bodiea, including the atmosphère itself, are cap^le-of being 
rednced to the liqnid, and even to the aolid form. We are. 
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therefore, to regard the properties investigated in the three 
branches of physical science respecting solids, liquids, and 
gases, not as peculitur properties of distinct specieS of bodies, 
but as qualities which will appértain to ail bodieÉTwhatsoever, 
according as tbey are affected by certain external a^encies. 

Water affords a convenient example of the trutia of thèse 
observations. In the state of ice, îts properties corne undertho 
dominion of mechanics,* commonly so called. Whén exposed 
to températures which no longer permit its existence in the 
solid state, it loses some of those properties, and acquires others, 
which hand it ovçr to the sway of Hydit>statics. A further 
increase of température will cause it to pass into the state of 
vapor or steam, and impart to it those quiuities which appropri- i 
ate its investigation to Pneumatics. i 

Since, by imparting beat continually to a body, it is made to 
pass successively from the solid to the lîquid, and fix>m the 
liquid to the gaseous state, and by continually abstracting beat 
it may be transferred in the contrary direction nrom the gaseous 
to the liquid, and from the liquid to the solid state, it might, 
perhaps, be inferred that ail bodies in the solid state must* be 
colder than those in the liquid, and ail liquids colder than bodies 
in the gaseous state. Such an inference, however, may be 
proved to be unfounded in two ways. 

1. Bodies of différent kinds pass ^m the one to the other of 
thèse States at différent températures ; thus, to cause water to 
pass from the liquid to the solid state, it is necessary to reduce 
its température to 33^ of the common thermometer ; but if we 
would reduce quicksilver from the liquid to the solid state, a 
much more diminished température must be produced. Thus 
it may be perceivcd that water in the solid state may be at a 
much higher température than mercury in the liquid state. 
Again, to cause water to pass from the liquid to the gaseous 
state, it is necessary, under ordinary circumstances, to raise its 
température to 212® of the common thermometer. Now to 
cause mercury to pass iî-om the liquid to the gaseous state 
would require its température to be raised to above 650**. 
Hence it appears that water in the aeriform state ma^ hâve a 
much lower degree of beat than .mercury in the liqmd state ; 
but, 

3. The error that we hâve just noticed arises partly from the 
supposition that ail the beat which a body contams is in a state 
to lûSect the sensés or the thermometer. In other words, it is 

* In the correct application of the tenn, Mcchaivics includei the doctrinea of 
•quilibrium and motion of bodies in ail the three statei of solid, liquid, and gaa ; 
but its more popular and valgar application is confined to the equUibrium and ra»> 
tion of solids. A distinct appellation is wanted for the latter braneh of the seienea. 
The title Stirkostatics bas been saggested 
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supposed'that so long as a body continues to receive heat from 
fire applied to it, or from any other source, so long its tempéra- 
ture will increase, and the body will become botter. That this 
supposition is erroneous is easily proved, Let a quantity of 
ice at tbe température of 32° be placed in a vessel containing 
six times its quantity of water at the boiling heat. The water 
will immediately begin to lose its heat by imparting it to the 
ice ; but, meanwhile, the température of the ice will not be 
increased. After the lapse of a sufficîent time, the whole of 
thè ice will be liquefied and intermixed with the water ; and 
it will be found that the entire contents of the vessel in the 
liquid State hâve the température of only 32°. Now hère it ia 
obvions that the water originally contained in the vessel bas 
lost so much of its heat as to be reduced to the température of 
the ice. But, on the other hiand, the ice bas not shown an in- 
creased effect on the thennometer or on the sensés, notwith- 
standing the large quantity of heat which it bas most certainly 
imbibed. The developement of the theory, founded upon this 
remarkable fact, does not belong to the department of physics 
with which we are at présent engaged ; but the mère statement 
ôf the fact is sufficient to prove that we are not to infer, that 
because steam, and the water from which it has been raised, 
produce the same* effect on the thermometer or the sensés, they 
therefore contain the same quantity of beat, and that the fact 
of one body being botter or colder than anodier does not jûstify 
the inference that the one contains more or less heat than the 
other. 

(123.) ^s an elastic fluid has the property of dilating itself 
when the limits of the space within which it is confinea are 
enlar^ed, it is also characterized and distinguished from solids 
and liquids by its power of yielding to any force exceeding the 
energy with which its particles repel each other, and tending 
to contract the limits of the space within which it is enclosed.* 
This quality is called compressibUity ; and although under ex- 
trême circumstances it is proved by experiraent tp exist in a 
slight de grée in liquids, and, probably, is a quality in which aU 

* Solids and liquids appear to differ from aeriform fluids, in the vast energy with 
whrch the particles of a solid or liquid repel each other when made to approxinîata 
by extemal pressure. Consequently the application -of any extemal force pro- 
duces but a slight compression, and the effect of a moderate compressing force is 
insensible. On the other hana, when the particles are at that distance at which 
they are naturally plaû^d by their molecular forces, any iieparation to a greater 
distance is opposed by their cohésion, a property which is not possessed by aeri- 
form bodies, and is therefore another characteristic which distinguishes solids and 
liquids from aeriform fluids. Hence the roere removal of a compressing force oc- 
casions no dilatation of the two former beyond a certain bulk. It is highîy proba- 
ble, that solids differ from liquids in possessing a certam arrangement of their 
constituent parts, which is. identical with crystallization in some cases, and analo- 
gous to it m ail others, though in a greater or less degree in différent solids. — 
Am. Ed. 
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bodies in some degree participate ; yet it belongs so eonspicu- 
ously to bodies in the gaseous form, that they are frequently 
denominated compresaihlefluidsj in contradistinction to liquida, 
which are oflen called incompressible fluids. Upon the applicai- 
tion of great force, liquida are found to yield in a very small 
degree in their dimensions ; this effect, however, i^ so slight, 
and produced under such extrême circumstances, that it is 
found that a mechanical theory of liquids, proceeding upon 
their assumed incompressibility, gives results which hâve no 
variation from the actual phenomena of any practical impor- 
tance. Such, however, is not the case with elaâtic âuids ; they 
yield upon the application of inconsiderable pressure ; and they 
allow their dimensions to be contracte d in ail cases to a very 
great extent, and in many without any practical limit. The 
conséquences and laws of compressibility and expansibility, as 
they are found to exist in elastic iSuids, will be more fully no- 
ticed hereafter.' 

(124.) Of the varions elastic iSuids which are observed in 
nature, some bave never been found in the liquid form ; and 
many of thèse hâve never been by any process of art reduced 
to that form ; such, for example, is atmospheric air : bodies of 
this kind are called permaneràly elastic Jluids. By thèse words, 
however, the impossibility of their réduction to tne liquid state 
is not intended to be assumed ; it is only intended to express 
the fact, that such réduction has not been made. The name 
" gases" is also commonly applied to bodies of this class. When 
bodies more commonly exist in the liquid state, but by natural 
beat and other causes sometimes reçoive the elastic form, the 
elastic fluid is called vapor :* thus, for example, whcn beat is 
applied «to quicksilver, the elastic âuid which is produced is 
called the vapor of quicksilver, and the process is called 
vaporization. The lighter liquids, such as œmer, are converted 
into vapor by the common température of the atmosphère ; the 
vapor of water is called steam* This term stearny however, is 
sometimes, though not with such strict propriety, usèd synony- 
mously with the word vafor. ^ 

(125.) Those mechamcal properties of elastic fluids which 
bave generally been assigned to piveumatics are the qualities 
which are found in atmospheric air ; many of thèse qualities 
extend without modification to ail elastic fluids what^oever; 
but therc are some of them which, especially when applied to 

* Any aerifonn fluid must be considored either as a gas or a vapor. Now, sn 
most of those aeriform fluidg which hâve been hîtherto conaidered as gases, hâve 
been actually reduced to the liouid state by great prossure and intense cold, and 
evea by pressure alone, and as tneSe aru cxcluded from tiio class of vapors by our 
author's définition, it would nrohably be bettcr to define gases to be, those aeri- 
form fluids which hâve never been reduced to the liquid state under mère atmos- 
pherio pressure at any tiatural température.— Am. Ed, 

15* 
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vapor, rcquire to be restricted and modified by wioiiis eircum- 
stances -which belong rather to the theory of beat tban to tbe 
subject of the présent treatise. There are also many circum- 
stances to be attended to in ezplaining the properties of yarions 
gases, which belong 'to those departments of physics in which 
tiie production and constitution of thèse gases-are explained. 
The province of pneumatics may, therefore,be considered as 
chiefly and immediately confined to the investigation of the 
mechanical properties of the atmosphère ; it being at the same 
timc tinderstood that the varions theorems which shall be es-^ 
tablished are to be carried into other departments of physics, 
there to undergo such restrictions and modifications as will ren- 
der them applicable to vapors and the varions species of gases. 



CHAP- n. 

PROPERTIES OF ATMOSPHERIC AIR. 

ATMOSPHERIC AIR IS MATERIAL. — ITS COLOR.— CAUSE OP THE BLUX 
8XT. — CAUSE OF THE 6REXN 8E4.-^AIR HAS WXIGHT. — XXPXRI- 
MEIVTAL PROOFS. — ^AIR HAS INERTIA. — EXAMPLES OF ITS RESIST* 
ANCE. — XT ACQUIRES MOYIBfG FORCE. — EXAHPLXS OF ITS IMPACT. 
— AIR IS IMPENETRABLE. — EXPERIMENTAL PROOFS. 

(126.) The atmosphère is the thin transparent flnid which 
surrounds the earth to a considérable height above its surface, 
and which, in virtue of one of its constituent éléments, sup- 
ports animal life by respiration, and is necessary aise to the 
due exercise of the vegetable functions. This substance is 
generally, but erroneously, regarded as invisible. That it is 
not invisible may be proved by turning our view to the firma- 
ment : that, in the présence of lîght, appears a vault of an 
azuré or blue color. This color belongs not to any thing which 
occupies the space in which the stars and other celestial objecta 
are placed, but to the mass of air through which thèse bodies 
are scen. It may probably be asked. If the air be an azuré- 
colored body, why is not that which immediately surrounds us 
perceived to hâve this azuré color, in the same manner as a blue 
liquid contained in a bottle exhibits its proper hue ? The ques- 
tion is easily answered. 

There are certain bodies which refiect color so fidntly, that 
when they exist in limited quantities, the portion of colored 
light which they transmit to the eye is insumcient to produce 
sensation, that is, to excite in the mind a perception of the color. 
Almost ail semi-transparent bodies are examples of this. 
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Let a Champagne glass be filled with sherry, or other wine of 
that color ; at the thickest part, near the top of Uie glass, the 
wine will strongly exhibit its peculiar color, but as the glass 
tapers, and its thickness is diminished, this color will become 
more fàint ; and at the lowest point, it will almost disappear, 
the liquid seeming nearly as transparent ajs water* 

Now let a glass tube, of very small bore, be dipped in the 
same wine, and, the finger being applied to the upper end, let 
it be raised from the liquid ; the wine will remaln suspended in 
the tube ; and if it be looked at through the tube it will be 
fonnd to hâve ail the appearance of water, and to be colorless. 
In this case there can be no doubt that the wine in the tube 
bas actually the dame color as the liquid of which it originally 
formed a part, but existing only in a small quantity, that color 
is transmitted to the eye so faîntly as to be inefficient in pro- 
ducing perception. 

The water of the sea exhibits another remorkable example 
of this effect If we look into the sea where the water bas 
considérable depth, we find that ite çolor is a peculiar shade of 
green ; but if we take up a glass of the water which thus ap- 
pears green, we shall find ît perfectly limpid and colorless. 
The reason is, that the quantity contained in the glass reflects 
to the eye too small a quantity of the color to be perceivable ; 
while the great mass of water, viewed when we look into the 
deep sea, mrows up the color in such abundance as to produce 
a strong and decided perception of it. 

The atmosphère is in the same circumstances : the color 
from even a considérable portion of it is too faint to be percep- 
tible. Hence the air which fills an apartment, or which im- 
mediately surrounds us when abroad, appears colorless and 
perfectly transparent. But when wd behold the immense mass 
of atmosphère througfh which we view the firmament, the color 
is reflected with sufficient force to produce distinct perception. 
But it is not necessary for this that so great an extent of air 
should be exhibited to us as that which rorms the whole depth 
or thickness of the atmosphère. Distant mountains appear 
blue, not because that is their color, but because it is the color 
of the médium through which they are seen. 

Although the preceding observations belong more properiy 
to optics than to our présent subject ; yet stSl, since the ex- 
hibition of color is one of the manifestations of the présence of 
body, they may not be considered as foreign to an investiga- 
tion of the mechanical properties of atmospheric air. The mind 
unaccustomed to physical inquiries finds it difficult to admit 
that a thing so light, attenuated, impalpable, and apparently 
spiritual, should be composed of parts whose leadin^ properties 
are identical with those of the most solidand adamantine masses. 
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The knowledge tbat we see the air mast at least prépare 
the mind for the admission of the truth of the proposition that 
air is a body. . 

(127.) Among the properties which are observed to appertain 
to matter, and which, as far as we know, are inséparable from 
it, in whatever form, and under whatever circumstances it ex- 
ists, weight and inertia hold a conspicuous place. To be con- 
vinced, therefore, that air is material, we ought to ascertain 
whether it possesses thèse properties. In the subséquent parts 
of the présent treatise, we shall hâve numerous proofs of tlïjs ; 
but it willat présent be convenient to demonstrate it in such a 
manner that we shall be warranted in assuming it, in some of 
the explanations which we shall hâve to offer. 

(128.) The most direct proof that air bas weight is the fact, 
that if a quantity of it bé suspended from one arm of a balance, 
it will require an absolute weight to counterpoise it in the op- 
posite scale. By the aid of certain pneumatical en'gines, the 
nature of which will be explained hereafter, but the opération 
and effects o*f which will for the présent be assumed, this may 
be experimentally established. 

Let a vessel, containing about two quarts, be formed of thin 
copper, with a narrow neck, in which is placed a stopçock, by 
tuming which, the vessel may be opened or closed at pleasure. 
Let two instruments be provided called syringes, one the ex- 
hausting syringe, and the other the, condensing syringe. The 
nature of tîiese instruments will be hereafter explained. Let 
the exhausting syrinçe be screwed upon the neck of the vessel, 
and let the stopçock De opened, so that the interior of the ves- 
sel shall hâve free communication with the bottom of the 
syringe ; if the syringe be now worked, a large portion of the 
air contained in the vessel may be withdrawn from it. When 
this bas been done, let the stopçock be closed to prevent the 
admission of air, and let the vessel be detached from the syr- 
inge. Let it then be placed in the dish of a well constnicted 
balance, and accurately counterpoised by weights in the oppo- 
site scale, The weight which is thus counterpoised is that of 
the vessel, and the small portion of air which remains in it, if 
the latter bave any weight. Let the stopçock be now opened, 
and the extemal air will be immediately heard rushing into the 
vessel. When a small quantity. bas been thus admitted,let the 
stopçock be again closed, It will be found that the copper 
vpsael is now heavier, in a email degree, than it was before the 
air was admitted, for the arm of the balance from which it is 
suspended will be observed to preponderate, Let such addi- 
tional weights be placed in the opposite scale as wiU restore 
equilibrium. The. stopçock being now once mote opened, the 
air will be observed to rush in as before, and will continue to 
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do 80 until as^nuch has passed' into the vessel as it eontained 
before the exhausting syringe was applied. The weight of the 
vessel will now be observed to be further increased, the end of 
the beam irom which it is suspended preponderating.. 

Thèse facts are perhaps sufiicient proofs that air has 
weight : but the expenment may be carried further. Let the 
condensing syringe be now attached ïo the neck of the vessel, 
and let the stopcock in the neck be opened so as to leave a free 
communication between the vessel and the bottom of the syr- 
inge. The construction of this instrument, which wUl be ez-^ 
plained hereafler, is such, that by working it, an increased 
quantity of air may be forced into. the vessel to any c^ctent 
which the strength of the vessel is capable of bearing. A çon- 
siderably increased quantity of air being thus deposited in the 
vessel, )et the stopcock be closed so as to prevent its escape. 
The vessel, being detached from the syringe, is restored to Uie 
dish of the balance ; the weights which counterpoised it before 
the increased quantity of air was forced in still remaining un- 
changed in the opposite scale. The vessel will now no longer 
remam counterpoised, but will preponderate, and will require 
an increased weight in the opposite scale to restore it to equi- 
librium. 

In this experiment we see that every increase which is given 
to the quantity of air eontained in a vessel prodûces a corres- 
pouding inCrease in its weight, and that every diminution of 
the quantity of air it contains produces a corresponding diminua 
tion in its weight. Hence' we infer, that the air which is in- 
troduced into or withdrawn from the vessel has weight, and that 
it is by the amount of its weight that the weight of the vessel is 
increased or diminished. 

We shall hereafler hâve çiany other instances of the gravita- 
tion of atmospheric air ; but we shall, for the présent, assume 
the principle âiat air has weight, founded on the expérimental 
proofiust given. 

(129.) That air in common with ail other bodies possesses the 
quality of inertia, numerous f^miliar effects make manifest. 
Among the effects which betray this quality in solid bodies, ië 
the fact that, wKen^ne solid body puts another in motion, the 
former loses as much force as the latter receives. This loss of 
force is called résistance, and is attributed to the quality of 
inertia, or inability in either the striking or struck body to call 
into existence more force in a giveh direction than previously 
existed. When the atmosphère is calm and free from wind, the 
particles of air maintain thèir position, and are in a state of rest. 
If a solid body, presenting^a broad surface, be moved through 
the air in this state, it must, as it moves, drive before it and put 
in motion those parts of the air which lie in the space through 
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whioh it passes. Now if the air faad no inertia, il^rould reqnire 
no force to impart this motion to them, and to drive them before 
tjie moving solid ; and as no force would in that case be im- 
parted to the air, so no force would be lost by the solid : in 
other words,^ the solid would suffer no résistance to its motion. 

But every one*s expérience proves this not to b® the case. . ' 

Open an umbrella, and attempt to carry it along swiftly with % 

its concave side presented forwards; it will immediately be 
felt to be opposed by il very considérable résistance, and to re- 
quire a great force to draw it along. Yet this force is nothing 
more than what is necessary to push the air before the um- 

brella.' 

On the deck of a steam-boat, propelled with an^ considéra- 
ble speed, we feel on the calmest day a breeze. directed from 
the stem to the stem. This aiises from the sensation produced 
by our body displacing the air as we are carried through it 

It is the inertia of the atmosphère which gives effect to the 
winffs of birds. Were it possible for a bird to live without 
respiration, and in a space void of air, it would no longer hâve 
the power of flight. The plumage of the wings being spread, 
and acting with'a broad surface on the atmosphère beneath 
them, is resisted by the inertia of the atmosphère, so that the 
air forms a fulcrum, as it were, on which the bird rises by the 
leverage of its wings. 

As a body at restmanifests its inertia by the résistance which 
it offers when put in motion, so a body in motion ezhibits the 
same quality by the force with which it strikes a body at rest. 
We hâve seen ezamples of the résistance which the atmosphère 
at rest offers to a body in motion ; but the force with which the 
atmosphère in motion acts upon a body at rest is exhibited by 
examples far more numerous and strUdng. Wind is nothing 
more than moving air, and its force, like that of every other 
bo^y, dépends on the quantîty moved and the speed of the mo- 
tion. Every example, therefore, of the effects of the power of 
wind is an example of the inertia of atmospheric air. In a 
windmill, the moving force of ail the heavy parts of the ma- 
chinery is derived firom the moving force of ^e wind acting 
upoh the sails, and the résistance of the work tb which the mill 
is applied is overcome bv the same power. A ship is propelled 
through the deep, and tne deep itself is agitated and raised in 
waves, by the inertia of the atmosphère in motion. As the ve- 
locity increases, the force becomes more irrésistible ; and we 
find buildings totter, trees tom from the roots, wd even the 
solid earth itself yield before the force of the hurricane. 

(130.) Since air may be seen and felt, since it bas color and 
weight, and since it opposes résistance when acted upon, and 
strikes with a force proportionate to the speed of its motion, 
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we cKn Marcelir hesitate to admit tiiat it hu quolities which 
eotitle it ta be cltmed nmong materi&l substances : bnt one 
otiier quality still remains to be noticed, which, perhape, décides 
itt title to materialit}' more unanBweTably than bdj of the oth- 
era. Air is impenetrabln ; it enjoys that peculiar property of 
matter, by which it ratbses admiesion to anj other body to the 
Bpace It occupiea, nntil it qnit that space. This property sir 
posflesaea as poiitively as adsmsuit The difficaky which is 
comiDonly felt ia conceiving the impeoetrability of substances 
of tliia natore, arises paitly n*om confbundin^ the quality of im- 
penetrability with tbat of heu^ineas, aad partJy from not attend- 
mfif to the fkct ttaat, when a body moves Ârough the air, it 
dnves the air before it in the aame manner as a veasel rooving 
tlirough the water propels that fluid. 

Let a bladder be filled with air, and tied at the moutfa ; we 
sball then be ahie to têel tJie aii it contains as distincOy aa if ' 
the bladder wen fiUed with a solid body. We shall find it im- 
possible, BO ton^ as the air is prevented from escaping, to press 
the sides of Ihe bladder togeth^; and if the bladder be sub- 
mitted to such eevere pressure aa may be produced by mechan* 
ical means, it will burst before the air will allow it to coUapse. 

That air will not allow the entrance of another body into the 
space where it is présent, maj alao be proved by the followiiig 

Let A B, fg. 3^ be a glasa vessel open at the end A, and 
having a short tube tVom uie bottom, iumished with a stopcock 
C. I^t D E, fig. 4., be another glaas vessel contalning water. 



On the eurftce of tiiis water let a small pièce of cork F floaL 
Let the vessel A B, having the stopcocli C closed, be now in- 
verted ; let its mouth A be placed oïer the corlt F, and let it 
thus be pressed to any depth in the réservoir D E. If the air 
in AB were capableof permitting the entrance of another body 
inti) the space in which it is présent, the water in the réservoir 
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D £ wouid now enter at the mouth ôf the vessel A, and rising 
in it would stand at the same level within the vessel A B as 
that which it has without it. But this is not found to be the 
case. When the vessel A B is pressed into the réservoir, the 
surface of the water within A B will be observed still near the 
mouth A, as will be indicated by the position of the cork which 
floats upon it, and as is represented in fig, 5. It appears, 
therefore, manifestly, that, whatever be the cause, the water is 
excluded from the vessel A B. That this cause is the présence 
of the air inclnded in the vessel is proved by opening the stop- 
cock C, and allowing the air to escàpe. By the established 
principles of hydrostatics, the surface of the water within tl^e 
vessel A B exexts an upward pressure proportionate to tne 
depth of that surface below the surface of the water exterior to 
the vessel A B. This pressure, acting upon the air enclo3,ed in 
the vessel A B, forces it out the moment the stopcock G is 
opened, and immediately the surface of the water within A B 
rises to the level of the surface without it. 

We hâve stated that the surface of the water within A B re- 
mains nearly at the mouth of that vessel when it is plunged in 
the réservoir. It would remain exacUy at the mouth, if air were 
incompressible ; but, on the contrary, tliis fluid is highly com- 
pressible, allowing itself to be forced into reduced dimensions 
by the application of adéquate mechanical force. It is neces- 
sary, however, not to confeund compressibility with penetrabil- 
ity. So far from thèse qualities being identical, the one 
implies the absence of the other. A body is compressible 
when the forcible intrusion of another body into the space with- 
in which it i^ confined causes its particles to retreat, and to 
accommodate their arrangement to the more limited space 
witliin which they are compelled to exist. The very fact of 
their thus retreating before the intruding body is a distinct 
manifestation of tlieir impenetrability. If they were penetra- 
ble, the body would enter the space in which they were confined, 
without driving them before it, or otherwise disturbing their 
arrangement. 
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ELASTICITY OF AIB. 



(131.) The elasticitj and compresribility of air hâve been 
alread; nodced. In the présent cbapter «e propose to exuo- 
ine and ezplûn thèse quâlitiee in more détail. 

It will be évident, npon the slightest refiection, thatthe elas- 
ticit]' of air mnet be equ&l to the force which is neceBserjr 
to confine it irithin the space it oceupies. Let us suppose that 
A B, ^. 6., ia & cjlinder, having a piaton P fitting air-tight at 
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Ihe top ; and let ua imug-ine thatthia piston Pis notactedapon 
by any external force, havinv a tendency to keep it in its place. 
If the cylinder below the piston be tilled with aii, tliis air will 
hâve a tendency, by virtue of ita elaaticity, to expend into a 
wider space ; and this tendency will he manifested by a pres- 
sure exertcd by the air on ail purts af the surfaces which con- 
fine it. The piston P will, therefore, he subject to a force 
tending to displace it and drive it fiom the cylinder, the amount 
of which will te the measure of the elasticity of the airheneath 
1t, Now, if this piston Be not Bubject to the action of a force 
directcd inwards, exactiy equal in amount to the pressure thua 
excited by the elastic force of the air, it cannot maintain its po- 
sition. If it be subject to an inward force of less amonnt than 
the elastic pressure, then the tatter will prevail, and the piston 
be fotced eut. If it be subject to an inward force greater in 
16 
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amount than the elastic pressure, then the former will prevail, 
and the piston will be forced in, tiie air being compelled to re- 
treat within a more confined space. In no case, Âerefore, can 
the piston maintain its position, except when it is subject to an 
inward pressure cxactly equal to the elastic force of the air en- 
closed in the cylinder. 

The property of elasticity renders it necessary that, in what- 
ever state air exist, it shall be restrained by adéquate forces of 
some definite amount, and w^ch serve as antagonist principles 
to the unlimited power of dilatation which the elastic property 
implies. In ail cases which fall under common observation, 
air i^ either restrained by the résistance of solid surfaces, or it 
is pressed by the incumbent weight of the mass of atmosphère 
placed above it It ipay be asked, however, whether it wOl not 
foUow from this, that the extent of our atmosphère is infinité ? 
for that, as we ascend in it, the weiffht of the superior mass of 
tiir must be gradually and unceasin^y lessened ; and, therefore, 
the force wmch resists the expansive principle being removed 
by degrees, the fluid will spread through dimensions which are 
subject to no limitation. Although it is undoubtedly fnie that 
thèse considérations lead us justly to conclude that our atmos- 
phère extends to a veiy great distance from the surface, and 
that the higher strata of it are .attenuated to a degree which 
not only exceeds the powers of art to imitate, but even out- 
strips the powers of imagination to conceive ; yet still the un- 
derstanding can suggest a definite limit to this expansion. 
Numerous physical analogies* favor the ^ conclusion, that the 
divisibility of matter has a limita or that ail material substances 
consist of ultimate constituent particles or atoms, which admit 
of no further subdivision, and on the mutual relations of which 
the form and properties of the varions species of bodies dépend. 

Now, those ultimate particles of the air are endued with a 
certain definite weight, because it is the aggregate of their 
woights which forms the weight of any mass of air. It is a fact 
ests^lished by experiment, that in proportion as air expands, 
its el^tic force is diminished ; and, therefore, if it continue to 
expand, it wiU at length attain a state of atténuation in which 
the disposition of its constituent particles to separate by their 
elasticity is so far diminished, as not to exceed the gravity of 
those constituent particles themselves. In this state the two 
forces will be in equilibrium, and the elastic force being neu- 
tralized, the particles will no longer be dilated. 

(132.) In âiese observations we hâve assûmed a principle 
which is of the last importance in pneumatics, and which, in- 
deed, may be regarded as forming the basis of this part of 
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pbytieàl acîence, in tbe Mme muiner u the powai of tnmraiit- 
tins preiBure ia the fiuidunental principle of hjdrostatica. 
ThiB Ifttter principle, indeed, hIbo extends to elaatic fluida ; tnd 
ail the conséquence* of the free transmiaBion of pressure, whicb 
do Dot bIso involve the auppoSition of încompreBaibilitj, are ap- 
plicable to elaatic fluide with as much truth as to liquida. But 
tbs principle to which we now more eapecially refer, and which 
may be looked upon as the chief cbaracteriatic of thia fonn of 
bodf, and neceaeary to render definite the notion of their elas- 
tici^ may be announced as foUowa : — 

"The elastic force of auy given portion of air ia au^ented 
in exactiy the same proportion as the space witbin nhich it is 
encloaed is diminished ; and ita elastic force is diminiahed in 
exactly the same proportion as the space through which it is 
■llowed to expand is aumtented." 

Ta explain this, let A B C D, Jig. 7^ be conceived to be a 



cylinder, in wbicb a piston A B movea air-tight and withont 
friction; and let us suppoae the distance of the lower sur&ce 
ABofthe piaton from the bottom DC of Uie cylinder to be Vi 
inches. Let sir be imagined to be enclosed below the pis- 
ton, and let ua suppose uiat the elaatic force of this air ia snch 
as to press the piston with a force of 16 ounces. From what 
bas been already stated (131.), it ia clear Ihat ta maintain the 
piston in ita place, it is necessary that it should be pressed 
downwarda with an équivalent force of 16 ounocs, Now let 
the force upon tiie piston be doubled, or let the piston be loaded 
with a preaaure of 32 ounces. The inward presaure prevailing 
over the elaaticity, the piston will immediately be forced b>- 
wuds D C, but will cesse to move at a certain diatance A D, 
^. 8t ftom the bottoro, Now, if thia distance A D be meas- 
ured, it will be fouud to be exactly six inches. The air has, 
therefore, coatracted itaelf iato half its former dimensions. 
Since tiie piston is sustained in the jMaition represented in 



fig. 8^ it fbllowi that the e]attici^ of tha air benestli it ia 
équivalent to the weigfat of the pwton A B ; and, th«refoi«i 
QÛt the airinclnded in the cjlindei acqnireB double its original 
elaatictty when it ia compremed into buf ita ov -inal bolk. 



Let the piston be now loaded vitb three times its original 

weight, or 48 ouncea ; it will be obserred to descend into the 
cyhnder, and further to compress the air, uittil it^ distance from 
tne bottom ia reduced to four inchea, At that distance it will 
Test, being balanced by the increased elasticit; of the air : thia 
air is now compressed into one third of its original bulk, and it 
has three times ita original elastic force. 

In the same manner, in whatever proportion the weight of 
the piston be augmented, in the same proportion will the dis- 
tance from the bottom at which it will rest in equilibrium be 
diminished ; and, consequently, the elaslic force of the air ia 
increased in the same proportion as tfae epace into which it ia 
compreased ie diminished. 

Let us again suppose the piston to be loaded with eixteen 
oimcea, and to be balanced, as in ^, 7^ bj the résistance of 
the air at twelve inches from the bottom of the cvlinder. But 
let na alio suppose the cyiinder continuei upwards to a height 
esceeding 24 inchea ; let the weight upon the piston be nov 
reduced to eight ounces. Since the eJasticity of the air be- 
neath the piston was capable of supporting aixteen ounces, it 
will now prevail agûnst the diminished pressure of eight 
otmces. The piston will continue to rise in the cyiinder until 
the elasticity of the air is so far diminished hy expansion, that 
it is capable of aupporting no more than eight ounces ; the pis- 
ton wDl tben remain in eqnilibrium. If the height of the piston 
above the bottom be now meaaured, it wUl be found to be 34 
inchea, that is, double ita former height; the air has, therefore, 
expanded to double its former dimensions, and is reduced to 
balf its former elasticit?. 
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In ]ike naaner it maybe shown, that, if 4he weieht upon the 
piston were reduced to four ounces, or a fourth or its ori^al 
unou&t, tbe piston would rise to four times its origioal héight, 
or 48 incèes, before it would be capaJble of balaacing Uie re- 
duced elasticity of the air. Thus, hy expanding to four tijïieB 
its primitive âisieneionsy the elasticity of the air is reduced to 
one fourth of iJts primitive amount 

By like experiments, it is easy to sec honic the gênerai law 
may be establiahed. In whatever proportion the weight^f the 
piston may be increased or diminished, in the same proportion 
exactly will the space filled by the air which balances it be di- 
minished or increased. 

(133.) The precedin^ illustration has been selected with a 
view rather to make tbe property itself intelligible, than as a 
practical expeximental proof of it The use of pistons movable 
in cylinders is attended with inconvcnience in cases of this 
kind, arising from the effecte of friction, and the diffîculties of 
making due allowance §oi them. There is, however, another 
metbod of .bringing the law to the test oi experiment, which is 
not less direct, and is more satisfactory. 



Fig.9, 




Let ABC ^ifg» % he >> glass tube curv- 
ed at one end, B C, and having the short leg 



C P fumished with a stopcock at its extrem- 
ity : let the leg B A be more than 60 inches 
in length*^ The stopcock D being opened so 
as to allow a free communication with the 
ilir, and the mouth A of tbe longer leg beinff 
•Iso open, let as much mercury be poured 
into the tube as will fîU the curved part 6 C, 
and nse to a smaJI height in each leg. By 
the principJes of hydrostatics, the surfaces 
of the mercury E and F will stand at th^ 
same leveL Let the stopcock D be now 
closed, the levels £ F will still remain 
undisturbed. When the stopcock D was 
opened, the surface F sustained a pressure 
equal to the weight of a column of air con- 
tinued from F upwards as far as the atmos- 
phère extends. But the stopcock D being 
closed, the effect of the, weight of ail the 
air above that point is intercepted ; and, con^ 
sequently, the surface F can sustain no 
pressure arising from weight, except the 
«inount of the weight of the small quantity of air included be- 
tween F and D, which is altogether insignificant. But the air 
thus included presses on the surface F by its elasticity ; and 
the amotint of tîiis pressure is equal to the force which conôned 
16» 
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the air within the space F D, before the stopcock was cloaed 
(131.) : but this force waa the weight of the oolumn of atmos- 
phère above D ; and hence it appears, that the elastic forcç of 
the air confined in the space D F is equal to the atmoepheric 
pressure. 

New the other surface E, the end A of the tube being open, 
is Bubiect to the atmospheric pressure. Thus the two surfaces, 
F and £, of the mercury, are each subject to a pressure arising 
from a différent quality of the atmosphère ; the one, P, being 
pressed by its elasticity, and the other, £, being pressed by its 
weight. Thèse pressures being equal, the sivfkces F and E 
continue at the same level. 

The method of ascertaining, experimentally, the pressure 
arising irom the weight of the atmosphere.will be fully ezplain- 
ed hereafter ; meanwhile, it is necessary for our présent pur- 
pose to assume this pressure as known. . Let us suppose, then, 
that the atmos|^eric pressure acting upon the surface E is the 
same as would be produced by a column of mercuiy ^ inches 
in height resting on the surface E : the force with which the 
elasticity of the air confined in D F presses on the surface F is 
therefore equal to the weight of a column of thirty inches of 
mercury. The pressure of the atmosphère acting on the sur- 
face £ is transmitted by the mercu^ to the surface F, and 
balances the elastic force just mentioned. 

Let the position of the surface F be marked 
Fie, 10. upon the tube, and let mercury be poured 
into the longer leg at A. The increased 
pressure produced by the weight ofthis^ner-' 
eury will be transmitted to uie surface F, 
and will prevail over the elasticity of the 
confined air : this suHàce will therefore rise 
towards D, compressiiig the air into a smallêr 
space. Let Uie mercury continue to be 
TOured in at A, until the surface F rise to 
F', fig. 10., the middle point betwêen the 
end D of the tube, and its first position 
F. The air included is thus compressed 
into half its former dimensions, and its 
elasticity will be measUred by the amount 
of the rorce with which the surface F' is 
pressed upwards against it : this force is the 
weight of the column of mercury in the leg 
B A, above the level of F', together with the 
weiffht of the atmosphère pressing on the top 
G or the column. Let a horizontal line be 
drawn from tJie surface F' to the leg B A, 
and let the column G H be measuied; its 
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lenjB^ wiU be found to be accùrately 90 inches, and iti 
weight is therefore eqaal to the atmospheric pressure. The 
force with which F' is pressed upwards is therefore equal to 
twice the atmospheric pressure, or to double the force with 
which F, in fig» 9., was pressed upwards, Hence it appears, 
that the elasticity of the air confined in the space D F^, fip, 10., 
is double its former elasticity when filling the space D F, fig. 
9. ThttSy when the air is compressed into half its volume, its 
elasticity is doubled. 

In like manner, if mercury be poured into the tube A, until 
the air included in the shorter leg is reduced to a third of its 
bulk, the compressing force will be found to bç three times the 
atmospheric pressure, and so on. 

(134.) That the elasticity of the air which surrounds us is 
equal -to the weight of the incumbent atmosphère, has been 
proved incidentally in the preceding experiment Indeed, this 
is a proposition, the truth of which must appear évident upon 
the slightest considération, and which is manifested by innu- 
merable familiar effects. If the elastic force of the air around 
us were less than the weiffht of the incumbent atmosphère, it 
would yield and suffer itself to be compressed until it acquired 
an elastic force equal to that weight If it were greater in 
amount than the weight of the incumbent atmosphère, it would 
overcome that weight, and would press the atmosphère upwards, 
until, by expanding, its elasticity were reduced to equality with 
the weight of the atmosphère ; and thèse effects are continually 
going forward. The incumbent atmosphère is subject to con- 
tinuiu fluctuations, in weight, as will hereafler be proved ; and 
the lowest stratum of air which surrounds us is continually 
undergoing correspondixig contractions and expansions, ever 
accommodating its elasticity to the pressure which it sustains. 
Also this stratum of air is itself subject to changes of elasticity, 
from vicissitudes of température proceeding from the eaxth to 
which it is contiguous. Thèse changes produce a necessity 
for expansion and contraction in it, even while the weight of 
the incumbent atmosphère remàins unchanged; but the full 
developementof this last considération belongs to the theory of 
beat riUher tiian to our présent subject 

(135.) An open vessel, which is commonly said tô be empty, 
is, in fact, filled with air ; and when any sohd or liquid is placed 
in it, so much of the air is expelled as occupied the space into 
which the solid or liquid entered. if such a vesseF be closed 
by a lid or stopper, the pressure of the extemal atmosphère will 
act upon every part of the exterior surface with an intensity 
proportionate to itis weight The air which is enclosed in the 
vessel will, however, act on the interior surface with an inten- 
sity proportionate to its elasticity. According to what bas been 
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already ezplained, tfais elasticity is eqnal to the pressure ; anél, 
tfaerefore, there is a force tending to press the sides of theves- 
sel oatwards, exactly equal to ttie pressure acting on the exte- 
rior surface, aad tending to press them inwards. Thèse two 
forces àeutrahze each other, and the vessel is circumstanced 
ezacdy as if neither of tiiem acted upon it. 

When the opération and properties of sosoe pneumadcal in^ 
struments hâve been explained, we shallhave occasion to notice 
many other effects of the elasticity of edr. 
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OALILEO'S INVESTIOATIQSS. — TORRICELLI DISCOVERS THE ATMOS- 
PHERIC PRESSURE. — THE BAROHETER. — PASCAL'S EXPERIMENT.-— 
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— ^DIAGONAL BAROMETER.— WHEEL. BAROMETER*— VERBIER.-^USXS 
OF THE BAROMETER. — TARIATION OF ATHOSPHERIC PRESSURE. — 
WXATHER GLA88.— RULES IN COMMON USE ABSURD. — CORRECT 
RULES. — MEASUREMENT OF HEIGHTS. — PRESSURE OV BODIES,— WHT 
BOT APPARENT.— EFFKCT OF À LEATBKR 8UCKXR,'-*HOW FLISS 
ADHERE TO CEILINGS, AND FISHES TO ROCKS.— BREATHINGw—COM- 
MON BELLO WS. — FORGE BELLOWS. — VENT-PEG. — TEA-FOT.— KETTLE. 
— INX-BOTTLES. — PNEUMATIC TROUGH.— GUGGLING NOISE IN DE- 
GANTING WINE. 

(136.) Iir the history of human discovery, thére are few mo;« 
impressive lessons of humility than that which is to be coUected 
from the records of the progress by which the pressure of the 
atinosphete which surrounds us, and the manner in which it is 
instrumental in producing some most ordinary phenomena, be- 
came known. Looking back from the point to which we hâve 
now attained, and observing the numerous and obvious indica- 
tions of this effect which présent themselves at ail times, and 
on ail occasions, nature seems almost to hâve courted the phi- 
losopher to the discovery. With every allowance for the feeble- 
9ess of the human understanding, and for the disadvantages 
which the ancients labored under, as compared with more 
récent investigators ; still one is inclined to attribute the late- 
ness of the discovery of the atmospheric pressure and its effects 
not altogether to the weakness and inadequacy of the mental 
powers applied to the investigation. There seems to be some- 
tfaing of wilful perverseness and obstinacy instigating men to 
step aside from that course^ and to tum their minAs from those 
instances which Nature herself continually forces upon Ûtem. 
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The ancien! philôeophers observ^d, that in the instances 
wfaich commonly fell under their notice space was al^rrays fiUed 
hj a material substance. The moment a solid or a liquid was 
by any means removed, immediately the surrounding air rushed 
in and filled the place which it desexted ; hence they adopted 
the physical dogma that na^re ahhcrs a vacvmm, Such a prop- 
osition must be regaf^d as a figurative or poetical expression 
of a supposed law of physies, declaring it to be impossible that 
space could aidst unoccupied by matter. 

Probably one of the first ways in which the atmospheric 
pressure presented itself was by the effect of suction with the 
mouth. One end of a tube being immersed in a liquid, and the 
other being placed between the.lips, thç air was drawn from 
the tube by the ordinary process oi inhaling. The water was 
immediately observed to fîll the tube as the air retreated. This 
phenomenon was accounted for by declaring that ''Nature 
abhorred a vacunm/* and that she thercfore compelled the water 
to fiU the space deserted by the air. 

The effects of suction by the mouth led, by a natural analogy, 
to suction by artificial means. If a cylinder be open at both 
ends, and a piston playing in it air-tigbt be moved to the lower 
end, upon immersing this lower end in water, and then drawing 
np the piston, an unoccupied space would remain between the 
piston and the water. ^ But nature abhors such a space," said 
the aneients, " and therefore the water will not allow such a 
space to remain unoccupied : we find accordingly that as the 
piston rises the water follows it." By such poetical reasoning 
pumps of varions kinds were constructed. 

The antipatliy entertained by nature against an empty space 
served the purposes of philosophy for a couple of thousand 
yeais, when it so happened that some engineers employed at 
Florence in sinking pumps had occasion to construct one to 
raise water from an unusually great depth. Upon working it 
they found that the water would rise no higher than about 
tbirty-two feet above the well. Galileo, the most celebrated 
philosopher of that day, was consulted in this difficulty ; and it 
is said that his answer was, that " Naturels abhorrence of a 
vacuura eirtended only to the height of thirty-two feet, but that 
beyond this her disinclination to an empty space did not 
CXtend." Some writers* deny the feet of his havmg given this 
answfer ; others admit it,t but take it to hâve been ironical. It 
has been more generajly taken as a solution seriously intended.t 
It appears, however, that Galileo, having his attention thus 
directed to the point, soon saw the absurdity of the maxim, that 

* Sncyclojptedia Metropolitania, Poeumatios. 

ÎBiot, Traité de Physique, tome i. p. 69. 
Montucla, Histoire de Mathématiques, tome ii. p. 903. 
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" nature abhors a vacauxn," and lought to accoimt for the i^e- 
nomenon in other ways. He attributed the élévation of the 
water to an attraction ezerted upon that liquid by the piston. 
This attraction he conceived to hâve a determinate intensit^r, 
and when such a column of water waâ raised as was equal m 
weight to the whole amount of the attraction, then any further 
élévation of the water by the piston became impossible, 

At a very remote period air was known to possess the qilaiity 
of weight Aristotle and other ancient philosopl^prs expressly 
speak of the weight of air. The process of respiration is 
attributed by an ancient writer to the pressure of aie atmos- 
phère forcing air into the lungs. Galiîeo was, therefbre, fully 
aware that the atmosphère possessed this property ; and it is 
not a little surprising that when his attention was so immediately 
directed to one of the most striking effects of it, he was unable 
to perçoive the connection. 

Some writers* affirm, we know not upon what authorit^, that 
Galileo, at the time he was interrogated respecling the Imiited 
élévation of water in a conmion pump, was aware of the true 
cause of the effect ; but that, not having thoroughly investigated 
the subject, he evaded the question of the engineers, with a 
view to conceal his knowledge of the principle, until he had 
carried his inquiry to a more satisfactory resulU It does not, ' 
howevér, appear that he published his solution of the problem. 
Aller his death Torricelli, his pupil, directed his attention to the 
same problem. He argued that whatever be the cause which 
sustained a column of water in a common pump, the measure 
and the enerffy of that power must be the weight of the column 
of water, ano, consequently, if another liquid be uaed, heavicr 
or lighter, bulk for bulk, Uian water, then the same force must 
sustain a lesser or greater column of such liquid, 3y using a 
much heavier liqui^ the column sustained would necessarily be 
much shorter, and the experiment in every way more man- 
ageable. 

He therefore selected for the experiment mercury, the 
heaviest known liquid. The weight of mercury, bulk for bulk, 
being about 13è times that of water, it follows that the height 
of a column of that liquid which would be sustained by a vax^uum 
must be 13i times less than the height of a column of water 
thus sustained. Hence he computed that the height of the 
column of mercury would be about 28 inches. He procured a 
glass tube, A B {ûg, IIA more than 30 inches in length, open 
at one end A, and close a at the other end B. Placing this tube 
in an upright position, with the open end upwajds, he filled it 
with mercury, and applying his finger to the end A, so as to 

*Biot, Traité de Physique, tome i. 69. Young** Nataral Philoiophy, voU 
ii. p. 354. 
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Fig» 11* prevent the escape of the mercury, he inverted thp 
tube, plunging the end A into a cistern C D (fig. \%\ 
containing mercury, the open end A being below the 
surface F of the mercury in the cistern, and no air 
having been allowed to communicate with it Upon 
removing the finger, therefore, the mercury in the 
cistern came in immédiate contact with the mercury 
in the tube. Immediately the mercury was observed 
to subside from the top of the tube, and its surface 
gradually to descend to the level £, about 28 inches 
above the mercury in the eistem. This resuit was 
what Torricelli .anticipated, and clearly showed the 
absurdity of the supposition that nature's abhorrence 
of a vacuum extended to the height of 33 feet. Torri- 
celli soon perceived the true cvise of this phenomenon. 
The atmospheric pressure acting upon the surface F, 
while the surface £ was protected from this pressure 
by the closed end B of the tube, supported the weight 
of the column E F. This pressure was transmitted 
by the liquid mercury in the cistern from the eztemal 
là surface F to the base of the column contained in the 
tube. 
This experiment and its explanation soon became knoWh to 
philosophera in every part of Europe, and 
among others, it attracted the notice of the 
celebrated Pascal. In order to subject the 
explanation of Torricelli to the most severe 
test, Pascal proposed to transport a tube of this 
kind to a great élévation upon a mountain, and 
argued that if the cause which sustained the 
column in the tube were the weight of the 
atmosphère acting upon the extemal surface 
of the mercury in the cistern, then it must be 
expected that if the tube was eleyated, having 
a less and a less quantity of atmosphère above 
it, the column sustained by the weight of this 
incumbent atmosphère must suffer a corrcs- 
pouding diminution in height. He accordingly 
directed a fhend residing in the neighborhood 
of a mountain, called Puys de Dôme, near 
Auvergne^ to ascend that mountain, carjying 
with him the apparatus already describecU 
^ This was accordingly done, and the height of 
the column noted during the ascent Con-> 
formably to the principle explained by Torri- 
celli, the column was observed gradually to 
diminish in height, as the élévation of the 
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appaiatos wu kicreasecL The same experiment wu repeated 
Uy Pascal himself, with nmilar saocess, upon a high tower in 
tbe oity of Paris. 

Meanwhile other effects were manifested which not less 
unequivecally proved the tnith of Torricelli's solution. The 
apparatus being kept for a length of time in a fixed position, 
the height of the column was ohserved to fluctuate from day to 
day hetween certain small limits. This effect was, of course, 
to be attributed to the variation of the weight of the incumbent 
atmosphère, arising from various meteorological causes. 

(137.) The apparatus which we hâve just described is, in fact, 
the common barometer. By the principle of hydrostatics it 
appears, that the height of the column È F, sustained by the 
atmospheric pressure, will be the same, whatever be the mag- 
nitude of the bore of the tube. If we suppose the section of 
the bore to be equal to a square inch, then the column E F will 
be pressed upwards, and held in equilibrium by the weight of a 
column of atmosphère pressing upon a square inch of the ex- 
temal surface F ; consequently the weight of the column E F 
must be equal to the weight of a column of the atmosphère 
whose base is a square inch, and which extends from the 
surface of tlie mercury in the cistem to the top of the atmos- 
phère. If there be another tube whose bore is only half a 
square inch, then the pressure which will support the column 
in it will be that of a similar column of atmosphère, whose base 
is half a square inch ; such pressure then will only be haJf 
the amount of the former, and, therefore, will only sustain 
half the weight of mercury. But a column of mercury of 
half the weight, having a base of half the magnitude, must 
necessarily hâve tlie same height. Hence it appears, that sô 
long as the atmosphère presses upon a given magnitude of the 
surface F, with the same intensity, the column of mercury sus- 
tained in the tube w^l hâve the same height, whatever be the 
magnitude of its bore. 

In adaptinj? such an apparatus as this to indicate minute 
changes in the pressure of the atmosphère, there are many 
circumstances to be attended to, which we propose to explain 
in the présent chapter, so far as thêy are necessary to render 
intelligible the gênerai principle and use of the baromcteri; 

It is, in the first place, necessary to hâve tjie means of meas- 
uring exactly the height ôf the column E F, Jig. 12. : if the 
surface F were fixed, and the tube B A maintained in its posi* 
tion, it would be sufficient to mark a graduated scale upon the 
tube, indicating the number of inches and fractions of an inch 
bf any part upon it, from the surface F. But it is obvions that 
this will not be the case when the pressure of the atmosphère 
is increased, as an additional quantity of mercury is forced into 
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tiie tabe, and ooiuieqaeiitly an equal quantity m foreed out of 
the oistern. While the surface Ê nsea towiurds B, the surfiic« 
F therefore deacendsi and the diatance of £ from that surface 
19 increased by both causes. A graduated scale marked upon 
tfae tube would then onlv indicate the change in the position of 
the surfoce £, but would not show the cha^e in the length of 
the column £ F, so far as that change is affecte d by the fall of 
the siuface F. Theie are several ways in which this defect 
may be remedied. 

ïf the instrument be not required to give extremely accurate 
indications, it will be sufficient to use a tube the bote of which 
is small compared^th the magnitude of the cistem. In this 
ease a small change in the height of the -column will make but 
a very ineonsiderable change in the whole quantity of mercury 
in the cistem, and, therefore, will produce a very minute effect 
upon the position of the surface F. If such a change in the 
level F be so small as to affect the indications of the instrument 
in a degree which is unimportant for the purposes to which it 
is intended to be applied, the surface F may be regarcLed as 
fixed, and the whole change in the height of the column may 
be ta^n to be represented by the change in the position of the 
level £. AU ordinary barometers are constructed in this 
manner. 

But it is not difficult to adjust a scale upon a tube which will 
give with accuracy the actual variation in the length of the 
column by means of the change in the level of the surface £. 
Let us suppose that the cistern C D bas a flat horizontal bottom 
and pei^endicular sides, and that the magnitude of the bottom 
bears a certain known proportion to the bore of the tube. Sup- 
pose this proportion be that of one to a hundred. If the pres- 
sure of the atmosphère increase, so as to cause the column of 
mercury sustained in the tube to be increased in height by one 
inch, then as much mercury as fiUs one inch of the tube will be 
withdrawn from the cistern ; but as the base of the cistem i^ 
one hundred times greater than the bore of the tube, it is évi- 
dent that this inch of mercury in the tube would only cause a 
fàll of the hundredth of an inch in depth of the mercury in the 
vessel ; consequently it foUows that the increased élévation of 
an inch in the column produces a dépression of a hundredth of 
aa inch in the surface F. Thus it appears, that the increased 
length of the column £ F is produced by the surface F falling 
through tfae one hundredth of an inch, while the surface £ rises 
^throv^lrOO hundredth parts of an inch. The same will be tme 
'whatever change takes place in the height of the column. We 
may.therefore mfer, gefteraUy, that whatever variation may be 
produeed in the surface £, the conséquent variation produced 
in the height of the colunm is greater by a ninety-ninth part. 
17 
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If then the top be so gràduated that a portion of it, the length 
of which is one hundredth part less than an inch, be marked as 
an inch, and ail other divisions and subdivisions marked accord- 
ing 'to the same proportion, then the indications will be as 
accurate as if the surface F were fized ; the tube being divided 
accurately into inches and parts of an inch. 

The barometer is represented mounted and fur- 
nished with a scale, in fig, 13. The glass tube is 
surrounded by one of brass, in whrch there is 
an aperture eut at D £, of such a length and at 
snch a heigbt above the cistem, as to include ail 
tlmt space through which the level of the mercury 
in the tube usually varies in the place in which the 
barometer is intended to be used. In thèse coun- 
tries the level of the mercury never falls below 28 
inches, nor rises above 31 inches ; consequently a 
space somewhat ezceeding thèse hmits will be 
sufficient for the opening D £. The tube is per- 
manently connected with the cistem A B, and a 
scale is engraved upon the brass tube near the 
aperture D E, to- indicate the fractions of the 
height of the mercury in the tube. 

There is another method of avoiding the diffi- 
culty arising from the change in the level of the 
surface of die mercury in the cistem, used in the 
barometer hère represented. The bottom of the 
cistem moves within it in such a manner as to pre- 
vent the mercury from escaping, and a screw ia 
inserted at V, by tuming which the bottom of the 
cylinder is slowly elevated or depressed. An 
ivory index is attached to the top of the cylinder, 
which is prescnted downwards and brought to a 
fine point, so as to mark a fixed level. When an observation 
is made with the barometer, the screw V is turaed unBl the 
surfoce is hrought accurately to the point of the index, by rais- 
ihg or lowering the bottom according as the surface is below 
or above that point It follows, therefore, that whenever an 
observation is made with this instrument, the surface of the 
mercury always stands at the same level, and therefore the di- 
visions upon the scale C F represent the actual change of 
height in the barometric Column. 

Since the column of mercury sustained in the barometric 
tabe is taken to represent the pressure of the atmosphtrOi it is 
clear that no air or other elastic fluid should occupy the part of ' 
the tube above the mercury. To avoid such a cause of ervpr is 
not so easy or obvions as may at fîrst appear. Mercurjr^ as it 
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exista in tfae ordînary state, fireqaentLy contaiiiB air or other 
elastie fluide combined with it, and which axe maintained in it 
by the atmospheiiç preaaure, to which it ïa usually snbject 
When it faas aubsided, however, in the barometric tube, it is 
reliered from that prlsasure, and Uie elastie force of such air as 
may be lodged in the mercurv being relieved from the pressure 
which confined it there, it will make its escape and rise to the 
sur&ce, finally occupying the upper part of the tube, and ez- 
érting a pressure upon the surface of the column by means of 
its elasticity. Such a pressure will then assist the weight of 
the column of mercury in balancing the atmospheric pressure, 
and consequentiiy a column of less height will balance the 
atmosphère than sf the upper part of the tube were free from 
air. To remove tfais cause of error it is necessary to adopt 
means of purifyinff the jnercury used in the barometer from ail 
elastie fluids which may be combined with it. 

Tfae fact, that the application of beat gives enero to the 
elastie force of gases, enables us easily to accom^ish this. 
For if the mercury be heated, the particlcs of air or c^er elas- 
tie fluids which are combined with it acquire such a degree of 
elasticity, that they dilate and rise to the surface, and there 
escape in bubbles. The same process of heating serves to 
ezpel any ijcuiid impurities with which the mercury may be 
combined. Thèse are cohverted intovapof, and escape at the 
surface. 

The présence of an elastie fluid at the top of the tube is thus 
removed so far as such fluid can proceed from the mercury. 
But it b also found that small particles of air and moisture are 
liable to adhéra to the interior surface of the glass ; and when 
the mercury is introduced, and a vacuum produced at the top 
of the tube, thèse particles of air dilate, and, rising, lodge at 
the top, and vitiate the vacuum which ought to be there ;. the 
particles of mrârture also evaporate and rise likewise, both pro- 
ducing an aerifoim fluid in the chamber above the surface of 
the mercury, which presses upon that surface with as elastie 
flMx^e, and produces a correspondin^ diminution in the height 
of the column of quicksilver sustained by the atmosphère, as 
already explained. This imperfection may be avoided by pre- 
viously heating tfae tube. The particles of air which adhère to 
its inner surface being thus expanded by beat, will fly off by 
their elastie force, and the particles of moisture will be con- 
verted into ^mpor, and likewise disengaged from the surface. 

AU tke effects now exjdained may be produced by filling the 
tube with mercury in the first instance, and then boiling the 
liquid in it, which may be easily accoitfplished. The beat will 
not only expel *all liquid and gascons impurities from the mer- 
fliry itself, but also will disengage them from the inner surface 
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of the tube. Thèse précautions being taken, the colnmn of 
mercury sustaîned m the tube will indicftte by it» weiffht the 
true amount of the atmos][^eric pressure. But in order to be able 
to compare the resuit of any one barometer with aay other, it 
is necessary that the weights of equal bull» of the liquid mer- 
cury used in both cases should be the same ; and for this pur- 
poâe we nrnst be assured that the mercury used is pure, and 
not combined with other substances. We hâve just seen how 
ail substances in the liquid or gaseous form raay be extraeted 
from it Impurities may still, howerer, be suspended in it in 
the solîd form. To remove theee it is only neceesasy to» en* 
close the mercury in a small bag of chamois leatfaer: upon 
pressing this ba^ the quicksilver will pass freely through its 
pores, and any mmute solid impurities whioh may be contained 
in the mercury will remain in the bag. Pure and hcnnogeneotus 
mercury being thus obtained, we hâve advanced anothcr step * 
towards the certainty that the indications of différent barome- 
ters may correspond ; but there is still one other cause of dis- ' 
cordance to be attended to. Suppose a barometer to be used 
in Paris, and another in London, at a time when the pressure 
of the atmosphère in both places is the same, but the tempéra- 
ture of the air at Paris is higher than the température of Londoo. 
The mercury in the one barometer will hâve a higher tempéra- 
ture than the mercury in the other. New it is well known 
that when mercury or any other body is heated, its dimensions 
increase. In other words, bulk for bulk, it becomes hghter. 
Consequently, of two columns equal in weight, that which has 
the higher température will hâve the greater altitude. Hence 
it appears, that under the circumstances supposed, at a time 
when the atmospheric pressure is the same in London as '^t 
Paris, the barometer at the latter place will be higher than ^t 
the former. To guard against this source of error it is neces- 
sary, in making barometric obseivations, to note at the same 
time the contemporaneous indication» of the thermometer. 
Tables are computed showing the changes in the height of the 
mercury corresponding to given diflferences -of température. It 
is évident that in comparing the results of the same barometer ' 
observed at différent times, it is equally necessary to note the 
différence of température, and to allow for its effects. This, 
however, is a refinement of accuracy which is not attended to» 
except in observations made for philosophical purposes. 

(138.) One of the difficulties attending barometric observa» 
tiens arises from the very minute changes produceé in the 
height of the column by slîght variations in the atmospheric 
pressure. The whole play of the upper surface of the eolumn« 
in the most extrême cases, does not exceed three or four inches 
in a given place ; and mercury being a very heavy fluid, a vaii* 
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ation in the pressure of the atmosphère, of sensible amount, 
may produce scarcely any perceptible change in the height of 
the column. One of the most obvious remédies, at first view, 
wouldiseem to be the use of a âuid lighter than mereury. In 
the same proportion as the âuid is lighter will the change in 
the height of ihe column by a given câinge in the pressure of 
the atmo^here be greater ; but there are difficuHies of a dif- 
férent kind whieh altogether preçludethe use of other fluids. 
The lighter liquids are much more susceptiblo^of evoporaticHi, 
and the surface of the liquid in the tube, being relieved from 
the atmospheric pressure, offera no résistance to the jnncess of 
evaporation. The conséquence is, that any liquid, except mer- 
cury, would produee a vapor, which^ occupying the top of the 
tube, ironld press by its elastic force upon the surface, and co- 
operate with the weight of the suspended column in balancing 
the atmospheric pressure. Even from mercury we hâve reason 
to know that a vapor rises ^rhich is présent in the upper part 
of Ihe tube, but this pressure exerts no power wMch can 
introduce inaceuracy to any sensible estent into our conclu- 



sions. 



(139.) A form ïs sometimes adopted, caOed the diagonal 
barometer,* for the purpose of increasing the range of the mer- 
cury in the tube. This is represented in Jig, 14., where A C B 

^.14. 




U.A 

represents the barometric tube. C is a point at a distance above 
the 'surface of the mercury in the cylinder less than the height 
of 28 inehes. The space C D includes the range whidi the 
' 17* 
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roucnry woold hâve if tbe tube were vertical ; but at C tbe tube 
ia bent obliquely in tbe direction C B, having » sufficient length 
to brins- the extremit; B t« the aame level as D. The mercuiy 
wliich, hid the tube beea vertical, would range betWeen C ind 
D,will now hitve ita plaj eitended through the greater apace 
C B ; consequeotly tbe magnitude of any part, however small, 
wiil be increaaed in Che proportion of the line C D to the line 
C B. Thns, if C D be 4 incbes, and C B 13 inchea, tlien everj 
change in the poaitioa of the aurikce of the mercury, produced 
ij B change in the atmoapheric presaure, witl be three times aa 
great in the diagonal baroineter oa it wonld be in the vertical 

(140.) Another contrivance for enlarging the scale, wbicb ia 

more frequently uaed, and for common domeatic purpoees at- 

tesded with eome convenience, ia repreaented inSg.'lS. Thia 

ia called tbe téhed baromeUr. Tiie barometric 

Fig. 16. tube is bere.bent at ita lower extremity B, luid 

tumed upwarda towarda C. The atmospheric 

preasore acte upon the surface F, and BUataioa 

& column of raercnry înthe tube B A, which ia 

above tàte level of F. The boije of the tube 

being in thia caae equal in every port of its 

lengui, it ia clear that through whatever apace 

the aurface E falla, the aurface F will riae, and 

vice verni. Hence it is obvious that the variA' 

tion in the height of the barometric col^imn 

will dwaya bs double the chance in the height 

of either aurface B or F ; for if the aurface F 

L foll, the Bur&ce E muât rise through tbe eame 

j apace. They are thua receding from each 

other at the aame rate, and therefore their mn- 

tuai distance will be increaaed by the apace 

through which each movea, or by double the 

Bpace through which one of them movea. In 

the eame manner, if F rise, E muetfall, the two 

pointa mutuaUy approacbing each other at the 

aame rate ; ao that llie diatance between them 

will be diminished by the apace through which 

each moves, or by double the apace through 

which one of them moves. The change, tliere- 

fore, in the height of the barometric column will alwaya be 

double tbe change in the position of the level F. 

Upon the su^ace at F there Soata a small bail of iron, aus- 
pended by a string, which ia carried over a pulley or imall 
wbeel at P, and counterpoiaed by the wei^t at W, leas in 
amount than the weight of the iron halL mien the sor&ce F 
liaea, the iron hall, being buoyant, will be raised with it, and the 
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coonterpoise W will fall ;' and when the surftce F ftllfi» the 
weight of the îron bail, being greater than the weight of the 
connterpoiae, wiU cause it to descend with the descending sur- 
face, and to draw the counterpoise W up. It is évident th»fc) 
through whatever space the iron bail thus moves in ascending 
or descendin^, an equal length of the string will pass over the 
wfaeel P. Now this string rests in a groove of the wheel, in 
such a manner that, bv its friction, it causes the wheel to re- 
Tolve, and, consequently, the révolution of this wheel indicates 
the length of the string which passes over its noove, wiiich 
length is equal to the change in the level of uie surface F. 
Upon the centre of this wheel P an index H is placed, which, 
like the hand of a watch, plays upon a graduated circular plate. 
Let us suppose that the circumference of the wheel P is two 
inches, then one complète révolution of this wheel will corre- 
spond to a change of 2 inches in the level F, and, therefore, to 
achangeof 4 inches in the barometric column. But in one 
révolution of the wheel P the hand or index H moves complete- 
ly round the cixcle: hence the circumference of this circle 
corresponds to a change of 4 inches in the barometric column. 
Now, the circular plate may easily be made so that its cir- 
cumference shall measure 40 inches ;<;onsequently 10 inches of 
this circumference will cosrespond to 1 inch of the column^ and 
1 inch of the circumference will correspond to the tenth of an 
inch of the column. In this way variations in the height of 
Ûie column amounting to the tenth of aji inch are indicated by 
a motion of the hand H over 1 inch of the circumference of the 
plate. By further subdivision a still greater acciu^y may be 
obtaine.d. 

In this form of the barometer it is évident that the prépon- 
dérance of the iron bail assists the atmospheric pressure in 
sustaining the column. This cause of error, however, may be 
diminished almost indefinitely by making the prépondérance of 
the bail over the counterpoise W barely sufficient to overcome 
the friction of the wheel P. Again, when the atmosphère is 
diminished in weight, and whenMhe surface F has a tendency 
to rise, it is compelled to raise the bail; and there is this ob- 
vions limit to the indications of the instrument, namely, that a 
change so slight that the différence of pressure will not ex- 
ceed the force necessary to elevate the bail will fail to be 
indicated. 

(141.) For scientific purposes, the vertical barometer is préf- 
érable to every other form of that instrument In the oblique 
barometer the termination of the mercurial column is subject 
to some uncertainty arising from the level of the mercury not 
being perpendicular to the direction of the tube. In the wheel 
barometer there are several sources of error which, Ihough so 
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■mail in ajnount as not to iiyve it for âomegtic or popular um, 
yet are such as to render it altogether unôt for scientific in- 
^airy. A contrivaiice called a Vernier, for noting extremelf 
amall changes, is uaually applied to the vertical barometer, and 
supplies the place of an enlarged scale. It consista of a small 
gmauated plate which is movable by a acrew or otherwise, and 
which slides on the divided scale of the barometer. By metns 
of this subsidiary scale^ we are enabled to estimate magnitades 
on the principal scale, amounting to very small fractions of ils 
smallest divisions. 

The principle of the vernier is easily explained. 
Let B Ayjig, 16., represent the scale t>f the barometer 
extending tfarough three inches,vand divided to tenths 
of an inch. Let C D be the shding scale of the ver- 
nier, equal in lenffth to eleven divisions of the principal 
scale, and divided into ten e^ual parts. 
- Thus each division of the vernier iviU be the tenth 
of eleven divisions of the instniment ; that is, it wjll 
be the tenth part of 11 tenths of an inch ; but 11 tenths 
of an inch is the same as 110 hondredths, and the 
tenth part of this is 11 hundredths. Thixs it appears 
l^at one division on the vernier is in this case 11 
hnndredth parts of an inch. New one division on the 
ihstnmient being a tenth of an inch, or 10 hundredths 
of aoi inch, it is évident that a division on the vernier 
!fri]l exceed a division on the instrument by the hun- 
dredth part of an inch*; for if we take 10 hundredths 
frora 11- hundredths, the remainder will be 1 hun- 
dredth. 

Let us suppose that the vernier is ^laced so that its 
lowest division, marked 10, shall coincide with the 
lowest division on the instrument mazked 5^ ; then the 
first division of the vernier marked will coincide with 
the division of the instrument next above the â9th. 
The division marked 1 on the vernier will then be a 
little below the division marked 29 on the scale, and 
the distance between thèse will be the hundredth of 
an inch, as already explained. The division marked* 
2 of the vernier will be a little below the division 
marked 9 on the scale, and the distance below it will be 2 hun- 
dredth parts of an inch ; because two divisions of the vernier 
exceed two divisions of the scale by that amount. In like 
manner, the division marked 3 on the vernier will be below the 
division marked 8 on the scale by 3 hundredths of an inch, and 
80 on. 

Let U9 suppose that the mercury is observed to stand at a 
height greater than 29 inches and 5 tenths, but less than 29 
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incites vaâ 6 tenths. Its level bfing expressed by the dotted 
lind M, ^. 17., let the vermer now be moved on 
Fig, 17. the BCale ontil its highest division exactly coin- 
cides with the ievel of the mercury. On compar- 
ing the several divisions of the vernier with those 
of the instnunent, let us suppose that we find that 
the division marked 4 on the vernier coincides with 
that marked 1 on the instniment; then the dis- 
tance from the level of the mercury M to the next 
division below it, marked 5, will be 4 hundredth 
parts of an inch ; for the distance of the division 
marked 3 on the vernier above the division marked 
2 on the instrument is 1 hundredth of an inch, be- 
cause it is the différence between a division of the 
vernier and a division of the instrument Again, 
- J.) ^ the distance of the division of the vermer, marked 
2 above the division of the instrument marked 3, 
is 2 hundredths of an inch, and the distance of the 
diviaon of the vernier marked 1 above the division 
of the instrument marked 4, is 3 hundredths of an 
inch. In like manner the division of the vernier 
maarked is distant from the division of the instru- 
ment marked 5 by 4 hundredths of an inch. This 
will be manifest by considering what bas been 
10 already explained. In gênerai we are to observe 
what division of die vernier coincides moet nearly 
with any division of the instrument, and the figure 
which marks that division of the vernier will ex- 
3 press the number of hundredths of an inch in the 
distance of the level of the mercury firom the next 
(division of the instrument below it. 

(142.) The most inmiediate use of the barometer for scientific 
purposes is to indicate the amount and variation of the at- 
mospheric pressure. Thèse variations, beinç compared with 
other meteorological phenomena, fcMm the scientific data from 
which varions atmospheric appearances and effects are to be 

deduced. 

The fluctuations in the pressure of the atmosphère being ob- 
served in connection with changes in the state of the weather, 
a gênerai correspondence is supposed to prevail between thèse 
e&cts. Hence the barometer bas been called a weather glass, 
Rules are attempted to be establisbed, by which, from the 
height of the mercury, the coming state of Ôie weather may be 
preoicted, and we accordingly find the words " Rain," " Fair," 
" Changeable," " Prost," &c., engraved on the scale attached to 
common domestic barometers*^ as if, when the mercury stands 
at the height marked by thèse words, the weather is always 
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tubject to tbe vicissitudes «xpressed by them. Thèse msiks 
are, however, entitled to no attention ; and it is only surprising 
to find their usé continued in the présent times, when Knowl- 
edge is so widely dififused. They are, in fact, to be ranked 
scarcely abové the vox gMarum, or astrological almanac. 

It has been already explained, that in the same state of the 
atmosphère the height of the mercury in the barometer will be 
différent, according to the élévation of the place in which the 
barometer îb sitttated. Thus two barometers, one near the 
level of the river Thames, and the other on the heights of 
Hampstead, will differ by half an inch ; the latter being half an 
incfa lower than the former. If the words, therefore, engraved 
upon the plates are to be relied on, similar changes of weather 
could never happen at thèse two situations. But what is even 
more absurd, such a scale would inform us that the weather at 
the foot of a high building, such as St Paul's, must always be 
différent from Ste weather at the top of it 

The variation in the altitude of the barometer in a given 
place, together with the correspondin| vicissitudes of the 
weather, nave been regularly recorded for very long periods. 
It is by the exact comparîson of such results that any gênerai 
rule can be found. The raies best established by such obser- 
vations are far from being either gênerai or certain. It-is ob- 
served that the changes of weather are indicated not by the 
actual height of the mercury, but by its change of height One 
of the most gênerai, though not absolutely mvariable, rules is, 
that when the mercury is very low, and therefore the atmos- 
phère very li^ht, high winds and storms ma^ be expected. 

The followmg rules may generally be rehed upon, at least to 
a certain extent : — 

1. Generally the rising of the mercury indicates the'approach 
of fair weather ; the fmling of it shows the approach of foui 
weather.* 

* Thl« may be explained in put by tha foUowinf eonaider&tionf ; which will be 
underatood by referriof to chap. vii. Meehaniei, and chap. t. of thii volume. 
When water exista in the atmosphère in the state of rapor, it is perfeetly eus- 
tained, and the weight of the atmosphère must be increased b^ a quantity equal to 
the weight of the Tapor. But whenever it assumes the liquid state in the form 
of drops, and begins to descend, the action of gravitv on the particles of the drop 
is no longer whoUy transmltted through the atmospnere to the earth, but only a 
part equal tothe vertical résistance which the atmosphère présents to its descent, 
whilst the remainder is expended in overcoming the inertie of the drop, communi- 
catinff to it motion ttntil it bas attained the greatest velocity which it is suscepti- 
ble or aequiring by its own weight in the resistin^ médium in which it moves. 
When the velocity bas become so.ereat, that the résistance of the médium and the 
impulse of gravity are equal toeaiHi other during the same instants, then the drop 
can be no longer aceelerated, but must, on accoant of its inertie, continue to move 
with an uniform velocity ; and as the force of gravity or the weight of the drop 
equals the résistance, and os the résistance is attended by an equal reaction on 
the atmosphère, the whl>le weight of the drop, bat no more, is agoin impressed 
upon the atmoephere, which had been putially relieved from it during the inter- 
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2. In Bultry weather, the fall <^ the mercuiy indicates coming 
thunder. In winter, the rise of the mercury indicates froet. In 
firost, its fall indicates thaw ; and its rise indicates snew. 

3. Whatever change of weather suddenly foUows a change 
in the barometer mè^ be ezpected to last but a short time. 
Thu8,if fair weather rollow immediately the rise of the mercu> 
ry, there will be venr little of it ; and, in the same way, if foui 
weather foUow the ndl of the mercury, it will last but a short 
time. 

4. If fair weather continue for several days, during which 
the mercury continually falls, a long succession of foui weather 
will probably ensue ; and again, n foui weather continue for 
several days, while the mercury continually rises, a long suc- 
cession of fair weather will probably succeed. 

5. A fluctuating and unsettled state in the mercurial column 
indicates chan^eable weather. 

The domestic barometer would become a much more usefiil 
instrument, if, instead of the words usually engraved on the 
plate, a short list of the best established rules, such as the 
aboYe, accompanied it, which might be either engraved on the 
plate, or pnnted on a card. It would be right, however, to ex- 
press the rules only with that degree of probability which ob- 
servation of past phenomena has justified. There is no rule 
respecting thèse e£fects which will hold good with perfect cer- 
taintyin every case. 

(143.) One of the most important scientific uses to which 
the barometer has been applied is the measurinff of heights. 
If the atmosphère, like a liquid, were incompressible, this prob- 
lem would be very simple. The pressure on the mercury in 
the cistem would be equally diminished in ascending through 
equal heights. Thus, if the pressure produced by an ascent 
of 10 feet were équivalent to the weight of one inch of mercury, 
then the column would fall one inch in ascending that height. 
It would fall two inches in ascending 20 feet, three in ascend- 
ing 30 feet, and so on. To ônd, therefore, the perpendicular 
height of the barometer at any time above its position at any 

▼al between its inceptive and maximum velocity. We hâve sapposed the size of 
the drop and the density of the air to remain the same. The increasing density 
of the médium retards the velocity ofthe drop, and causes it to press the air with 
a force a little superior to its own weight during this retardation, from the time it 
beffins till the descent is completed, wnen the air is relieved fVom this pressure.^ 
if the foregoing views are correct, the atmospherie pressure will be aiTected, 
though in différent ways, by the quantity of aqneous vapor in the atmosphère, by 
the quantité of that whiel}, either in the form of elouds, rain, snow, or hall, is de- 
■cending without havin^ yet attaincd its maximum velocity, and by the quantity 
whieb has airead;^ at^med this velocity. Henoe the mercury of the barometer 
may be depressed in conséquence of the descent of drops in their first stage, long 
berore they reach the earth ; and this effect will be modtfied by the différent por- 
tions in the /hbsequent stages, as well as by other causes which affeet the atmos- 
pherie proMure.— Am. Ed. 
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of élévation may be dedaced from observations made on the 
barometer and thermometer. To apply that rulc, it is necessary 
tô know, Ist, the latitude of the place of observation ; 2dly, the 
height of the barometer and thermometer at aie lower station ; 
and, 3dly, the height of the barometer and thermometer at the 
higher station. By arithmetical computation tite différence of 
the levels of the two stations may then be calculated. The 
formulary does not admit of being explained without the use of 
mathematical language. 

(144.) It has been already stated, that the atmospheric pres- 
sure at the surface of the earth is capable of supporting a column 
of water 34 feet in height It foUows, thereforeTuiat if our ' 
atmosphère were condensed to such a dëgree that its spécifie 
gravity would be equal to that of water, its height would be 94 
feet Now the spécifie gravity of a stratum of atmosphère con- 
tiguous to the surface is about 840 times less than the spécifie 
gravity of tvater ; that is, a cubic inch of water weighs 840 
times more than a cubic inch of air. If as we ascend in the 
atmosphère it continued to hâve the same density, then its 
height would be evidenUy 840 times the height of 34 feet, 
which would amount to 28^560 feet, or 5 mUes and a quarter. 
It is obvions, therefore, that since even at a small élévation the 
density of the atmosphère is reduced to half its density at the 
surface, the whole height must be many times greater £an thiiB. 
The barometer in the balloon in which De Luc ascended fell to 
the height of 13 inches. Supposing the barometer at the sur- 
fiice to hâve stood at that time at §0 inches, it follows that he 
must hâve left three ôfths of the whole atmosphère below him. 
His élévation was upwards of 20,000 feet 

(145.) A column of pure mercury, whose base is a square 
inch, and whose height is 30 inches, weighs about 15 Ibs. avoir- 
dupois. It follows, therefore, that when the barometer stands 
at 30 inches the atmosphère exerts a pressure on each square 
inch of the surface of the mercury in the cistem amounting to 
15 Ibs. Now it is the nature of a fluid to transmit pressura 
equally in every direction ; and if the surface on which the 
atmosphère acts were presented to it laterally, obliquely, or 
downwards, still the pressure would be the same. Taking, 
therefore, the médium height of the barometriç column at 30 
inches, it follows that ail bodies which ezist at the surface of 
the earth exposed to ou^ atmosphère ai>e oontinually under this 
, pressure, and that every square inch en their surface constantly 
sustains a force of about 15 pounda. Thus, the body of a man, 
the surfiice of which amounts to 2000 fiquare inohes, wiU sus- 
tain a pressure from the surrounding air to the enormous nfpmmt 
of 30,000 pounds. 
It might at first view be expecj^ed t)iat this gre^t force to 
J8 
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which ail bodies are sttbject would procluce manifest elTects, so 
as to crush, compress, or break them, wbereas we find bodies 
of most délicate texture unafiected by it Tbns a close bag, 
made of the finest silver paper, and partially filled with air, is 
apparently subject to no extemal force. Its sides do not 
collapse. This arises partly from the circumstance of the pres- 
sure on every side, and in every direction being equal, and, 
therefore, producing mechanical equilibrium. It is obvious that 
a body which is driven in every possible direction upwards and 
downwards, laterally and obliquely, with equal forces, will not 
move in any one direction ; for to suppose such a motion would 
be to assume that the quantity of pressure in that direction 
exceeds the quantity of pressure in other directions. Bqt still, 
though a body may not be driven in any direction by the atmos- 
pheric pressure, it may happen that its parts are crushed and 
compressed. We do not, however, find this to happen. This 
arises from the fact, that the elastic force of the air is equal to 
its pressure ; and since the internai cavities of a body, such as 
the thin bag above mentioned, are filled with air, which is con- 
fined within them, that air bas precisely the same tendency to 
sweU the bag, and to keep the parts asundér, as the extemal 
pressure of me atmosphère bas to make them collapse. ^ 

In the same manner we may account for the fact that animais 
move ireely in the air without being sensible of the enormous 
pressure to which their bodies are subject. The internai 
parts of their bodies are filled with fluids, both in the liquid and 
gaseous states, which ofièr a pressure from wiUiin exactly 
équivalent to the extemal pressure of the air. This may be 
easUy rendered manifest by applying to the skin the mouth of 
a close vessel, to which an exhausting svringe is attached. By 
this instrument, which will be describeo hereafler, the air may 
be rarefied in the vessel, and the atmospheric pressure conse- 
quently partially removed from the skin. Immediately the 
force of the fluid from within will swell the skin, and cause it 
to be sucked into the glass. This experiment may be perfomi- 
ed by the mouth on the fiesh of the hand or arm. If the lips be 
applied tô the âesh, and the breath drawn in so as to produce a 
partial vacuum in the mouth, the skin will be drawn or sucked 
into the mouth. This efect is owing, not to any force résident 
in the lips or'the mouth drawing the* skin in, but to the fect that 
tbe usual external pressure is removed, and that the pressure, 
from within is sufferéd to prevail. 

(146.) Ail cases of that class of efiTects which are commonly 
expressed by the word auctûm are accounted for in the same 
manner. 

If a fiât pièce of moist leather be put in close contact with a 
heavy body, as a stone, it will be found to adhère to it with 
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considérable force, and if a cord of sufficient length be attach- 
ed to the centre of the leather, the stone may be raised by the 
cord. This eâect anses from the exclusion of the air between 
' the leather and the stone. The weight of the atmosphère presses 
their surfaces together with a force amounting to 15 pounds 
bn every square inch of those surfaces in contact If the weight 
of the stone be less than the number of pounds whichwouldbe 
expresse d by multiplying the number ojT square ipchés in the 
surfaces of contact by 15, then the stone may be raised by the 
leather ; but if the stone exceed this weight, it will'nôt suffer 
itself to be elevated by thèse means. 

The power of Aies and other insects to walk on ceilinffs and 
surfaces presented downwards, or upon smootb panes of glafis 
in an uwight position, is said to dépend on the formation of their 
feet This is such that they act in the manner above described 
respecting the leather attached to a stone ; the feet, in fact, act 
as suckers, excluding the air between them and the surface 
with which they are in contact, and the atmospheric pressure 
keapB the animal in its position. In the same manner the 
hydrostatic pressure attaches fishes to rocks. 

The pressure and elasticity of the air are both exercised in 
the act of breathing. When we draw in the breath we first 
mako an enlarged space in the chest The pressure of the ex- 
ternal atmosphère then forces air into this space so as to £11 it 
By a muscular action the lungs are next compressed so as to 
give this air a greater elasticity than the pressure of the exter- 
nal atmosphère. By the excess of this elasticity it is propelled, 
and escapes by the mouth and nose. It is obvioua, therefore, 
that the air enters the lungs not by any direct act çf thèse upon 
it, but by the weight of the atmosphère forcing it into an empty 
space, and that it is expired by the action of Uie lungs in corn- 
pressing it.* 

The action of common bellows is precisely similar, except 
that the aperture at which the air is drawn in is différent from 
that at which it is expelled. In the lower board of the bellows 

* Thero are two sejts of eavitiea eoneerned in respiration, one within the other. 
The air is admitted only into the interior cavities or tho4e of the lungs, an organ 
contained in the chest. Neglecting the actual division of the chest into two cav- 
ities, as well as the cellular stractare of the lungs, we may iliastrate the pnèu- 
matic principles of respiration by considering the lungs as a distensible and elastic 
bag, and the chest as a firm,^ yet dilatable box, in which it is contained, and by 
which its outer surface is alternately pressed and relieved fVom- pressure. Thera 
is no empty space in the lungs, as but a smoll proportion of the air Is expelled; 
and I should prefer conbidering the elasticity of the portion which remains, rather 
than the atmospheric pressure, asthecansB which directly produces the expansion 
of the lungs when the dilatation of the ohest by the action of its muscles removei 
the pressure from the surface of the lungs. l^he diminished elasticity of the air 
which results from its expansion, allows the atmospheric pressure to preponderate, 
and force into the lungs new portions of air continnally as lun^ as they are dilating. 
Nazt, by a muscular action of the chest, assisted bv the elasticity of cert«^ P<urta, 
the air of the lungs is compressed abd partly expelled.-~-AM. Eo. 
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is a hole covered by a valve, consisting of a flat pièce of stiff 
leather, movable on a hinge, and which lies on the hole, but ia 
capable of being raised by a slight pressure, When the upper 
board of the bellows is raised, the intc^mal cavity is suddenly 
enlarged, and the air contained in it is considerably rarefied. 
The pressure of the atmosphère forces in^ air at aie nozle ; 
but this being too small to allow its admission with suffîcieni 
ease and speed, the valve covering the hole is acted upon by 
the atmosphère, and raised, and air rushes in through the large 
aperture under it. When the space between the boards is filled 
with air in its common state, the upper board is depressed, and 
the air confined in the bellows is suddenly condensed. The 
valve covering the hole is thus kept firmly closed, and the air 
has no escape except through the nozle, from which it issues 
with a force proportional to the pressure exerted on the upper 
board. A bellows, such as that in common domestic use, thua 
simply constructed, has an intermitting action, and blows by 
fits, its action being suspended while the upper board is being 
raised. In forces and large factories, in wliich fires are exten- 
sively used, it is found necessary to command a constant and 
unremitting stream of air, which may be conducted through tbe 
fuel so as to keep it in vivid combustion. This is effected by 
bellows with three boards, the centre board being fixed and 
fumished with a valve opening upwards^ the lower board being 
movable with a valve also opening upwarda, and the upper board 
being under a continuai pressure by weiffhts acting upon it, 
When the lower board is let down, so that me chamber between 
it and the middle boapd is enlarged, the air included between 
thèse boards being rarefied, the extemal pressure of the atmos- 
phère will open the valve in the lower board, and the chamber 
between the lower and middle boards will be filled with air in 
its common state. The lower board is now raised bv the power 
which Works the bellows, and the air between it ana the middle 
board is condensed. It cannot escape through the lower valve,, 
because it opens upwards. It acts, therefore, with a pressure 
•proportional to the working poWer on Uie valve in the middle 
board, and it forces open this valve, which tjpens upwards. The 
air is thifs driven from between the lower and middle boards 
into the chamber between thé middle and upper boards. It 
cannot retum &om this chamber, because the valve in the mid- 
dle board opens upwards. The upper board being loaded with 
weights, it will be condensed while included in this chamber, 
and will issue from the nozle with a force proportionate to the 
weights. While the air is thus rushing from the nozle, the 
lower board is let down and again drawn up, and a fresh supply 
of air is brought into the chamber between the upper and mid-. 
die board. This air is introduced between the middle and 
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upper board before the former supply bas been exhausted, and 
by working the bellows with sufficient speed a large quantity 
of air will be coUècted in the upper chamber, so that the weight0 
on the upper board will force a continuai stream of air through 
the nozle. 

The effect produced by a vent-peg in a cask of liquid dépends 
on the atmospheric pressure. If the vent-peg stop the hole in 
the top while the liquid is discharged by the cock below, a space 
will remain at the top of the barrel in which the air originally 
confined is allowedi» expand and become rarefied : its pressure 
on the surface of the liquid above will, therefore, be less than 
the atmospheric pressure resisting the escape of the liquid at 
the cock ; but stiU the weight of the liquid itself, pressing down» 
wards towards the cock, wiu cause thé discharge to continue until 
the rarefiiction of the air becomes so great, that the ezcess of the 
atmospheric pressure is more than sufficient to resist the escape 
of the liquid ; llie flow from the cock will therefore be stopped. 
If the yent-peg be now removed from the hole, air will be heard 
to rush in with considérable force and £11 the space above the 
liquid. The atmospheric pressure on the surface above and on 
tiie mouth of the cock being now equal, the liquid will escape 
from the cock by the effect of the pressure of the superior 
column, according to the principles established in hydrostatics. 
If the vent-peg be again placed in the hole, the flow from the 
cock will be gradually diminished, and will at lengtfa cease. 
Upon the removal of me vent-peg, the same effect will be ob- 
served as before. 

If the lid of a tea-pot be perfectly close, and fit the mouth 
air-tight, or if the interstices, as frequently happens, be stopped 
by the liquid which lies round the edge of the mouth, then ail 
communication between the surface of the liquid in the vessel 
and the extornal air is eut off. If we now attompt to pour liquid 
from the tea-pot, it will flow at first, but will immediately cease. 
In this case the air under the lid becomes rarefied, and the 
pressure on the surface of the liquid in the tea-pot is so fiir 
diminished, that the atmospheric pressure resists its discharge 
at the spout. 

To remedy this inconvenience, it is usual to make a small hole 
somewhere in the lid of the tea-pot for the admission of air ; 
this hole serves the same purpose as the hole for the vent-peg 
in the cask. 

Althouffh it is not usually practised, a small hole should be 
made in &e lid of a kettle, but for a différent reason. If the 
lid of a kettle fit it closely, so as to stop ail communication be- 
tween the external air and the interior of the vessel, when the 
water contained in it becomes heated, steam will ,rise from its 
surface, and the air enclosed in the space between the surface 
18* 
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and tbe lid behig heated, will acquire an increa^ed elastîe force. 
From thèse causes,^ tbe pressure which acts on the surface of 
the water in the kettle wÛl continually increaae, so long as the 
lid maintains its position: this pressure, transmitted by the 
water in the kettle, will overcome the pressure of the atmos- 
phere acting on the water in the spout, and the effect will be 
that the water will be ra^sed in the spout and flow from it ; or, 
if the lid be not finnly enough fixed to withstand the pressure 
of the steam, it wiU be blown off the kettle. Such effects ûdl 
within every one's expérience. If a small hole were made in 
the lid thèse effects would be prevented. 

Ink botUes, constructed so as to prevent the incouTenience 
of the ink thickening and drying, owe their efficacy to the 
atmospheric pressure. The quantity of evaporation which 
takes place in the liqaid, other circumstances being the same, 
is proportional to the quantity of surface exposed to Sie eztemal 
air. To diminish this quantity of surface, without inconvénient* 
ly dixninishing the quantity of ink in the bottle, bottles havç 
been constructed of the shape represented in^. 18. A B is a 

Fig. 18. 




close glass vessel, from the bottom of which 8 short tube B 
proceeds, from which another short tube rises perpendicularly. 
The depth of the tube C is sùch as will be sufficient for the 
immersion of a pen. When ink is poured in at C, the bottle, 
being placed in an inclined position, is gradually filled up to 
the knob A : if the bottle be now placed in the position repre- 
sented in the figure, the chamber A B being filled with the 
liquid, the air will be excluded from it, and the pressure tend- 
ing to force the ink upwaxds in the short tube C will be equal 
to the weight of the column of ink, the height of which is equal. 
to the depSi of the ink in the bottle A B, and the base of which 
is equal to the section of the tube C. This will be mani^st 
from the properties of hydrostatic pressure established in Hy- 
drostatics, chap. iii. Now the atmospheric pressure acts on the 
surface C with a force which would be capable of sustainingf a 
column of ink many times the height of the bottle A B ; conse- 
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quentlyy this pressure will effeetually reekt the eseape of tiie 
ink from the iBouth C, and will keep it suspended ia the bottle 
A B. In this case the whole surface, which is exposed to the 
efiect of evap(»:atioii, is the surface of liquid in the tube C ; 
and, consequently, an ink bottle of this kind may be left many 
moBths in a warm room, and no perceptible diminution in the 
quantity of ink, or change in its quality, will take place. As 
the ink in the short tube C is coiisumed by use, its surface will 
fall to a level with the tube B. A small bubble of air will then 
insinuate itself through the tube B, and will rise to the top of 
the bettle A B ; there it will exert an elastic pressure^ which 
will cause the surface in C to rise a little higher, and this effect 
will be continually repeated until ail the ink in the bottle has 
been used. 

The only inconvenience which has been attributed to thèse 
ink bottles arises from sudden changes in the température to 
which they are exptwed. When the eztemal air, having been 
previously warm, becomes suddenly cool, the small quantity of 
air which is included in the bottle A, not being cooled so fast 
as the extemal air, wiU exert an elastic pressUre which will 
cause the ink to overflow at C. This is an eSéct, however, 
which we hâve never obsen^ed, although we hâve seen thèse 
bottles much used.* 

If such an ink bottle be placed upon a marble chinmev-piece, 
or any other surfiice heated bejrond the température eé the air 
in the room, the air conûned m the bottle will then become 
heated, and acquire increased Mastic force, and, in this case, 
the ink will overflow. 

The fountains for supplying water to bird cages are con^- 
structed upon the same principle. 

The pneumatic trough used in the chemical laboratory, and 
the gas holders, or gasometers, used in gos works, dépend on 
the atmosphèric pressure. A vessel, having its mouth upwards, 
is completely filled with a liquid. The mouth is then stopped, 
a flat pièce of glass, or a smootji plate of meta), pressed against 
it, and the vessel is inverted, the moutii being plungedin a 
cistem filled with the same liquid. If toe height df the vessel 
in this case be less than the height of the column of the liquid 
which the atmosphèric pressure would supp<Ht, the vessel wiU 
continue to be completely filled with the liquid, even after the 
plate is removed from its mouth i for the atxnosphéric pressure 
actin^ on the sur^e of the liquid in the cistem will prevent 
the bquid contained in the vessel from falling out of it Any 
one may satisfy himself of this fact Take a wine glass, and 

* If any inconvenience a^ùe, it wonld )»e fron an inçfease in the t^mpe^^tUm^ 
and eeoeeqiMntly th'e elasticity, of t^ie înclnded air, or from a diœinutidn of tfa» at- 
«oej^heric |M«eeure,-~AM. £ot 
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fiU it with wMer, and then, having applted a pièce ofcard toita 
moutb so u to prevent tbe water from eHcnpiog, invert it, and 
plunge the mouth downwarda in a baùn of water. Let the card 
be then removed, and let tlie glssa be rsiaed above the surfkce, 
Btill, bowever, keeping tbe eàee ofita mouth below the sor^e. 
It will bé obscired that the glass will still remain completelv 
filled with water. Take a small quill, or a hollow pièce of 
atraw, and insert one end in the water, so that it will be imme- 
diately below the month of the glase, and at the saine time 
blow ^ntlj Ihrough the othei end, sa aa to introduce air in 
small quantitiea into the water imniediately under the mouth of 
the glass. This air will ascend in babblee, and will SnA its 
way lo the highest part of the glass, and, remunine there, wiS 
eipel the water from it ; and tins will continue so long as air ia 
Bupplied, uutJl al) the water contained in the glaaa is expelled 
from it, and the glass is filled with air. If the proceas be flirther 
continued, the air will begin to eacape unfler the edge of the 
glBaa,,and riae in bubblea to the surface, 

The pneunatic trougb ia a large ciatem filled with mercury, 
Id which ia placed, below the aurftce of the liquid, a shelf to 
aupport a rëceiver. Bj plunging' anj veaael in the deeper part 
of the trough, it may be filled with marcury, and if it be slgwly 
raiaed, keeping ita moutb atill below the surface of the liquid, 
it will still remain filled with mercuiy bj the presaure of the 
atmosphère acting on the aurftce of the mercury in the trough. 
The mouth of the vessel maj then be placed on the shelf, wlule 
the veaael itaelf ta above àe surface of the mercuiy. The 
trough is repreeented in^. 19. at A B. Tbe abelf ia placed in 
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tube, by which g^as may be introduced. The gas paanag 
through the tube rises in bubbles through the mercury in the 
receiver, and lodgcs at the top ; and, by continuing this process, 
the whole of the mercury wiU at length be expelled from the 
receiver, and its place filled with the gas.. In this manner gasea 
of various kinds may be preserved out of contact with the at- 
mosphère, and the same shelf may be fiirnished with several 
holes, and may support a number of différent jars. 

The gasometer used in gas works is constructed on the same 
principles, only on a différent scale. When used for great sup- 
plies of gas, such as are necessary for the illumination of towns, 
thèse vessels are constructed of a very large size, and are im- 
mersed in pits Uned with cast iron, and filled witl^water. It is 
clear that ail which has been just explained will be equally 
applicable, whatever be the liquid used in the cistem ; and for 
différent ^ases it is necessary to use différent liquida, since the 
contact with particular liquids will frequently affect the quality 
of the gas. 

The peculiar guggling noise which is produced in decanting 
wine, axises from the pressure of the atmosphère forcing air into 
the interior of the bottle. In the first instance, the neck of die 
bottle is eompletely filled with liquid, so as to stop the admis- 
sion of air. When a part of the wine has flowed out, and an 
empty space is formed within the bottle, the atmospheric pres- 
sure forces in a bubble of air throli^h the liquid in the neck, 
which, by rushinff suddenly into the mterior of the bottle, pro- 
duces the Sound uluded to. This effect is continually repeated 
so long as the neck of the botde continues to be ehoked with 
the liquid. But as the contents of the bottle are dischareed, 
the liquid, in flowing out, only partially fills the neck, and mule 
a stream of wine passes out through Uie lower half of the neck, 
a stream of air passes in through the upper part. The flow 
in this case being continuai and uninterrupted, no Sound takes 
place. 

The atmospheric pressure acting on the surface of liquids 
maintains air combined with them in a ^ater or lesser quan- 
tity, according to the nature of the liqmd. If an open vessel, 
containing a liquid, be placed under a receiver, and the air be 
exhausted, the air combined with the liquid wiU be immediately 
set free, and will be observed to rise in bubbles to the top. 
This efiect will be very perceptible if water be used, but still 
more so in the case of béer or aie. 

When liquor is bottled, the air confined under the cork is 
condensed, and ezerts upon the surface a pressure greater than 
that of the atmosphère. This has the effect of holmng in com- 
bination with the liquor air, which under the atmospheric pres- 
sure only would escape. If any air rise from the liquor afler 
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being bottled, it causeg a still greater condensation, and an in- 
ereased pressure above its surmce. 

If the nature of the liquor be such as to produce air in con- 
sidérable quantity, this condensation will at length become so 
great as to force out the cork ; or, failing to do that, break the 
botUe. This is found to happen frequently with béer, aie or 
porter. The corks in such cases are tied do'wn by -cord or 
wire. / 

When the cork is drawn from a bottle containing liquor of 
this kind, the fîxed air being relie ved from the pressure of the 
air which was condensed under the cork instantly làakes its 
escape, and, rising in bubbles, produces effervescence and froth. 
Hence the head observed on porter and similar li(][uors, and the 
sparkling of Champagne or cider. 



CHAP. V. 

RAREFACTION AND CONDENSATION OF AIR. 

EXHAUSTING STRINGE. — RATE OF EXHAUSTION.— IMPOSSIBLE TO PRO- 
DUCE A PERFECT VACUUM. — MECHANICAL DEFECTB. — THE AIR PUMP. 
— BAROMETER 0AU6E. — STPHON GAUGE. — ^YARIOUS FORMS OF AIR 
PUMP. — ^PUMP WITHOUT 8UCTION VALVE. — EXPERIMENTA WITH AIR 
PUMP. — BLADDER BURST BT ATMOSPHERIC PR£SSUR£.^BLADDER 
BURST BT ELASTICITT OF AIR. — ^DRIEO FRUIT INFLATKD BY FIXED 
"AIR. — FLACCID BLADDER SWELLS BY EXPANSION. — WATER RAISED 
BY ELASTIC FORCE.-^A PUMP CANNOT ACT IN THE ABSENCE OF AT- 
MOSPHERIC PRESSURE.— SUCTION CEASES WHEN THIS PRESSURE IS 
REMOVED. — THE MAGDEBUR6 HEMISPHERES.— -GUINEA AND FEATH- 
£R EXPERIMENT.-— CUPPING. — EFFERVESCING LiqUORS. — SPARK- 
LING OF CHAMPAGNE; ETC. — PRESENCE OF AIR NECESSARY FOR THE 
TRANSMISSION OF SOUND. — THE . C0NDEN8ING SYRINGE. — THE CON- 
DENSER. , 

(147.) When a part of the air enclosed m any vessel is with- 
drawn, that which romains, expanding by its elastic property, 
fiUs the dimensions of the vessel as effectually as before. Un- 
der thèse circumstances, however, it îs obvions, that any given 
space within tiie vessel contains a less quantity of air than it 
did previously, inasmuch as, while the whole dimensions of a 
vessel remain the same, the total quantity of air difiused through 
them is diminished. When the same quantity of air in this 
manner is caused to expand into a greater space, it is said to be 
rare/ied. 

But on the other hand, when a vessel containing any quantity 
of air is caused to reçoive an increaâed quantity, by additioncJ 
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air b«iii^ foro«d into it, then any given portion of ils dimen- 
fliona wu! cont&in a jHt>portioDally greater qoantitj of air Ihin 
it did befbre the addiûonal air had been forced in. Under the*e 
circumstances, the air contained in the vesset is said to be con- 
dtnted, and it is out purpoae in the présent chapter to deschbe 
the mechanical instruments by nhich thèse processes of mre- 
faditm and condnuniûm are practically eSbcted. 

Tkt Exhaïufting Syringe. 

[148.) The moBt simple fbrm of instrument for prodiicing 

the raréfaction oF air is that which is called the txhtmstittg itfr- 

ingt. In order to oomprehend the construction and opération 

of this instrument, let us suppose A B, Jtg, 

Fig. 30. 20t a cylinder, or barre!, furniahed with s 

Hlopcocb C, inserted in a sniall ^rture in 

the botlom. Let tbe end of this tube be 

screwed upon the vessel R, in whicli tbe 

rare&ction ia to be made. 

From the aide of the barrel, nearthebot- 
tora, let anotber tube D proceed, also fùr- 
nished with a stopcock. Let us suppose 
the piston F at the bottom of the batrel, 
both stopcocks being closed. Let the pis- 
ton P be now drawn from the bottom to the 
top, as represenced in jSg-. 21., this piston 
being supposed to move air-tight m the 
barrel. A vacuum will remain between 
the piston P and the bottom B. If th« 
stopcock C be opeued, the air contained in 
the vesael R wiU, by its elaatic force, rush 
through the opeu stopcock C, and expand 
so as to fill tbe barrel. Thus the air which 
previously occupied the dimensions of the 
vessel R bas now expanded through tha 
dimensions of R and A B. Let the sto^' 
cock C be now closed, and the stopcock D 
opened, and let tbe piston P be pressed to the bottom of tho 
barrel. Tbe air contained in the barrel wOl thus be forced ont 
at the open stopcock D, and driven into eitemal atmosphère. 
Let the stopcock D be next closed, and the piston again ele* 
vated, as in J!g. 21. A vacuum wiU once more be produced in 
the barrel ; and, on opening the stopcock C, the air in R wjll 
a^in expand into the barrel, occ a pying the extended dimensions 
as before. Let the stopcock C be again closed, snd the stop- 
cockDopened. If the piston be pressed to the bottom of the 
b:jrel as before, the air contained m tiie cylinder will again be 
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expelled throngb the stopcock D. B; o 

alternatelj opening and closing tbe two , 

ing and depresslsg' the piston, a quantité of ail wjl rush from 

the vessel R on eacb aacent of tbe piaton, 
Fi£. 31. and the same quantity nill be expelled 

through the tube D ou eacb descejit of Ihe 

It is évident that this process may be con- 
tinued ao lonf as the air which remains in R 
is capable of expandingf, hjr its elasticity, 
through the open tube C into the barrel 

A sligbt degree of attention only ia neces- 
aa^ to perceive that the quantity of air ei- 
pelled from R at each ascent of the piston il 
continually diminiahed ; and it will not be 
dilficult even to explain the ezact rate at 
which this diminution proceeda. Let us sup- 
' pose tbe magnitude of the barrel A B to bave 
any given proportion to the dimensions of ths 
vesael R ; suppose, for eaample, that the di- 
mensions of the barrel are tbe ninth part of 
those of the vessel. When the piston is first 
laised from the bottom to tbe top, the air 
nlûch pieviously occupied tbe vessel expands 
so as to occupy tbe dimensions of tbe vessel _ 
and barrel together. The barrel, therefore, 
will contain a tentb part of the whole of the 
enclosed air; for since the vessel R contains nine times as 
much as the barrel, the vesael and barrel togetber contain ten 
limes as much as the barrel. ConsequenOy the air enclosed 
, in the barrel will neceasarily be a tenth of the whole. On de- 
pressing the piston, this tenth part is expelled tbrougb the tube 
D. On elevating the piston, the air remaining in tbe vessel R, 
wbicb ia nine tentha of the original quantity, now exponda 
tbiougb the vessel and barrel, and, for the reason already aa- 
signed, the barrel will contain a tenth part of thia remaining 9 
tenths ; that is, it will contain 9 hundredth parts of the original 
quantity. On the second deacentof the piston, this 9 hundredth 
parts will be expelled. The 9 tenths which remain in the cyl- 
inder after the first atrohe of tbe piston, bave now lost 9 hun- 
dredth parts of the whole ; and, smce 9 tenths is the eame as 
90 bundredthe, 9 hundredtbs being deducted &om that leavé & 
remaindei of SI hundredths. 

Thia, therefore, is the proportion of tbe ordinal quantity 
whicb now remains in tbe vessel R. Wben tbe piston is next 
raised, this portion will expand, as beforè, into the enlarged 
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fpaee, aad the tenth part of it will rise iato the baireL But a 
tenth jfMurt of 81 hundrodths ia 81 thousandths. Accordinffly, 
on the next descent, this 81 thouBandths will be expelled. The 
8] hundredths which remained in the vessel R before this dim- 
inution are thua diminished by 81 thouaandtha. This 81 hun- 
dredths are équivalent to 810 thousandths, and, therefoie, the 

Suantity remainin^ in the vessel R will be found by subtractinff 
1 tliousandths m>m 810 thousandths. The remainder wili^ 
therefore, be 729 thousandths, which will be the proportion of 
the oriffinal quantity of air which remains in the vessel. after 
the third stroke of the piston. It will not be difficult to continue 
this reasoning further, and to discover nôt only the quantity of 
air expelled at each successive stroke, but also the quantity 
remaining in the vessel R; and we may, without difficulty, 
compute the foUowing table : — 



£ S 

se; m 


Proportion of the 

original aoantity of 

air expelled at each 

ftroke. 


Proportion of the 

original <)uaatity of 

air remaininff after 

each atrcAce. 


Total qnantitT of 
air ezpellea. 


1 


10 


19 


_l 
19 


S 


_9 
100 


Si 
100 


ii 
100 


3 


1,000 


789 
1,000 


871 
l/X» 


4 


780 
10,000 


e,s6i 

10,000 


9,499 

lo/no 


5 


«,M1 
100,000 


69,049 
lOO/X» ^ 


40,951 
100,000 


6 


89^049 
1,000^000 


881,441 
1,000,000 


4flB4S9 


' 


531,441 
10,000,000 


4,782,909 
10,000,000 


6,217,031 
10,000,060 



To make this table more intelligible, let us suppose that the 
vessel R contains, in the first instance, 10,000,000 jnrains of air. 
The first stroke of the piston expels a tenth part of this quanti- 
ty, that is, 1,000,000 grains. There remain in tho vessel R 
9,000,000 grains. The tenth part of this 9,000,000 is expelled 
by the second stroke, that is, 900,000 grains of air. There now 
remain in thé vessel, 8,100,000 grains. Of this again a tenth 
19 
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Çart JM expeUed by the Ûâià stroke, that is, 810,000 grains, 
^he quantity remaining in the receiver will then be 7,SSo,000 
grains. The tenth part of this is ezpelled by the fourth stroke, 
uiat is, 729,000 grains, and there remain in the vessel 6,561,000 
grains. The fifii stroke ezpels a tenth part of this, ojt 656,100 
grains, and there then remain in the vessel, 5,904,900 grains. 
A tenth part of this again is expelled by the sixth stroke, that 
is, 590,490 grains, and the remainder in the vessel is 5,314,410 
ffrains. A tenth of this again, or 531,441 grains, is expelled 
by the seventh stroke. The following table esdiibits thèse 
results : — 



1^1 

Z QQ 


Graini ezpelled 
at each ttroke. 


Graina remaining 
under preuure. 


Total number of 
grains ezpelled. 

• 


1 

2 
3 


1,000,000 


9,000,000 


1,000,000 


900,000 


8,100,000 


1,900,000 


810,000 


7,290,000 


2,710,000 


4 
6 
6 


729,000 


6,561,000 


3,439,000 


656,100 


5,095,900 


4,095,100 


590,490 


5,314,410 


4,685,590 


, 7 


531,441 


4,782,969 


5,217,031 



By attending to the numbers in the thir^ column of the 
above table, it willbe perceived, that each succeeding number 
is nine tentbs of the preceding one. It follows, therefore, that 
after each stroke of The piston, the quantity of air which re- 
mains in the vessel R will be nine tenths of the quantity which 
it contained before the stroke. From a due considération of 
this circumstance, it will be perceived that, however long the 
process of raréfaction be continued, the vessel R can nèver be 
completely exhausted of air ; for, a determinate quantity being 
contained in it, nine tenths of this will remain afler tiie first 
stroke. After tiie second stroke, nine tenths of this again wiU 



i 



cnAP. V. 



EXHAUSTING STRINGE. 



319 



Fiff. 22. 



remain, and, however long the opération be continued, stiU a 
detorminate quantity will remain after every succeeding stnke 
of the piston, this quantity being nine tenths of whatthe veisel 
R contained after the preceding stroke. But although a per- 
fect exhaustion can never be attained by thèse means, yet if 
the instrument now described could be constructed as perfect 
in practice as it is in theory, there would be no linût whatever 
to the degree to which the air in the vessel R might be rarefied. 
î?hus, by a determinate and finite number of descents of the 
piston, it might be reduced in weight to the millionth part of a 
grain, or even to a quantity milBons of times less than this. 
Still, however smaU the quantity which may remain in the 
vessel R, so long as the elastic force bv which the particles 
repel each other exceeds the weight of the final or ultimate 
particles of die air, so long that répulsive energy will cause it 
to ezpand through the tube C into the cylinder A B.* 

The exhausting S3rrmge used in practice 
diffère in some particulars from that which wc 
bave hère described with a view to illustrate 
the principle of its opération. The stopcocks 
C and D, which would require co^ostant ma^ 
nipulation while the process of raréfaction is 
going forward, are dispensed with in practice, 
and the elastic pressure of the air itself is 
made to act upon valves which serve the pur- 
poses of thèse cocks. Let A B, fig. 23., rep- 
resent an exhausting syringe, havmg a tube 
and stopcock C proceeding firom the lower part 
as already described. The tube C is screwed 
to a very small aperture in the bottom of the 
barrel. Across this aperture is stretched a 
small pièce of oiled silk, which is impervious 
to ahr. It is extended across the aperture so 
loosely, that a slight pressure firom below wiU 
produce an open space between it and the sur- 
face of the bottom near the aperture, capable 
of admitting air from below, and yet so tight 
that a pressure firom above will cause it to lie 
close against the bottom, round the aperture, 
80 as to stop the passage of air firom above. 
By this arrangement it is possible for air 
pressed with a sufficient force to enter the barrel through the 

* If the quantity of air in the vetsel R at the commeneement of the prooeaa 
be expreeeed bj 1, then the quantity after one atroke of the piaton will be 

!JJ|.), after tmo atrokea (•^) i *fter thrte atrokea (^)*, and after % strokea 
A)"- 
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valve V, when the stopcock C is opened ; but it is impossible, 

on the other hand, for air pressing above the valve to escape 

■p through ity since the pressure of the air only serves to render 

more close the contact between the valve and the surface sur- 
roundihg the aperture which it covers. A small hole is pierced 
' througfa the piston, extending from the lower to the upper 
surfiftce, and this hole at the upper surface is covered with an 
oiled silk valve V, in the same manner as the aperture V in the 
bottom. Fot the reasons already assigned it is, therefore, pos- 
sible for air to pass up through this hole in the piston, and 
/escape at the upper surface ; but it is impossible for air, by any 
pressure, to pass in the contrary direction, since such pressure 
only rendors the contact of the valve more intimate, and, conse- 
quently, causes it to be more impervious to air. 

Let us suppose an instrument thus coastructed to be attached 

to a vessel R, in which the rareâuïtion is to be produced, and 

' the stopcock C to be opened. On raising the piston P a vacu- 

J^ um will be produced between it and the valve V. The piston 

val?e V will now be pressed downwards by the weight of the 

' ' atmosphère, and will be subject to no pressure from below, 

^ because of the absence of air beneath it. It wiU then stop 

the admission of air from above the aperture, and will maintain 
\ the vacuum below. The elastic force of the air contained in 

the vessel R now acting upwards against the exhausting valve 

V will raise it, and the air will escape through the space be- 
tween it and the surface surroundine the aperture, and will 
thns fill the barrel above ; but tlte air having expanded into an 
increased ^ace will bave an elastic force less than that of the 
extemal air, and consequently the piston valve V wiU be press- 
ed down by a greater force than it is pressed up, and will 
therefore remain closed. Let the piston be now depressed : as 
it descends the air enclosed in the cylinder acquires increased 
elastic force, and pressing upon the exhausting valve V causes 
it to close, so as to intercept the air in the cylinder from the 
vessel R. When the piston has descended in the barrel through 
such a space as to condense the air beneath it, so as to ^ive it 
a greater elastic force tiban the extemal atmosphère, it will 
press the piston valve V upwards, with a greater force than 
the exterûal air presses it downwards. Consequently the valve 

V will be opened, and the air confined beneath the piston will 
begin to escape through it. When the piston has arrived at 
thé bottom of the barrel, the whole of the air wiU thus be ex- 
pelled, This process is repeated whenever the piston is raised 
and depressed ; and thus the valves, which in the form udoptbd 
for explanation required constant manipulation, acquire a self- 
acting property. This form of die instrument^ which is that 
commoxily used, is attended with an obvious liinit to its opéra- 
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tk>ii, which àoea not ezist in the tbeoretical fonarepresented 
mjig» 20. It is évident thftt the opération of the valves dépends 
upon the présence of air of a certain detemûnate elastic force 
in the vessel R, which elastic force it is the nurpose of the in- 
strument to reduce indefinitelv. When the elastic force of the 
air contained in R is so &r oiminished that it is only equal to 
the force required to raise the valve V, the action of the ma- 
chine muBt stop, for anv further diminution vould render the 
air Gonfined in R nnable to open the valve, and therefore no 
more air could pass into the barrel \ B. This is a practici4 
limit of the power of the exhausting syringe. The degree of 
perfectioa oi which the instrument is susceptible, therefore, 
dépends upon inaking the valve V offer as little résistance to 
bemg raised as is consistent with its being perfectly air-tight 
when closed. 

But we hâve another limit to the opération of this instrument, 
arising from the piston valve V. This valve is closed not only 
by its own tension, but also by the weight of the incumbent 
atmosphère above it. When the piston is depressed, the air 
Incîud^ in the barrel must first attain a degree of elastic force 
by condensation equal to the pressure of the atmosphère, before 
it can open the valve V. But this is not aufficient : it must 
acquire a further increased elastic force equal to the tension of 
the valve V over the aperture, in order to raise that valve and 
escape, and therefore the perfection of this valve also dépends 
on having as little tension as is consistent with being peitectly 
air-ti^t firom above. 

The efficiency of the instrument will also dépend upon the 
aocwracy with which the piston fits the bottom and sides of the 
barreL When the piston is depressed to the bottom, it is con- 
sidered in theory to be in absolute contact, so as to exclude 
everv particle of air from the space between it and the bottom. 
But m practice this perfection can never be obtained. It may, 
however, be very accurately fitted, and the air retained between 
it and the bottom may be reduced almost without limit The 
«mail hole which passes frôm the valve V to the bottom ofjbhe 
piston will still remain, however, and will continue to bé a're- 
ceptade for air, even when the jpiston is in close contact with 
the bottom. This space, therefore, produces ^ defect in the 
machine which is not removed.* If we suppose the magnitude 

* It il ovinf to this. and to the want of aceuraoy in the mechanioal conetrao- 
tion of the inston and Durrel, that the limitation mentioned in the precedinff para- 
graph can ezirt. Howerer imall the quaatity of air remalniu, if it oonid be peat 
•p in a space iafinitely email, ite elaiticit^ would overeome the xeaiitanoe or thf 
pi»ton valve and that of the atmoaphenc preiaure. On the contrary, there if 
nothiog to ovércome the résistance of the ezhaosting valve bat the enfeebM 
enerfv of rarefied air. This rendors sorae mechanical method of openinc the es- 
haQBtJuBf valve more neeessary to the perfection of the instrument.— AatrEo. 
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of this hole, to^ther with whàtever space may remain unfiDed 
between the lower surface of the piston and the bottom of the 
barrel, to be the ten thousandth part of a solid inch, then the 
valve V will cease to act when the air which fills the barre], 
the piston heuig at the top, is such that, if condensed into the 
ten âiousandth part of an inch, its elastic force will exceed the 
atmospheric pressure by a quantity less than the force required 
to open the valve V, 

This source of imperfection will evidently be diminished by 
diminishing the depUi of the aperture below the valve V, and 
by increasing the size of the cylinder ; for if the air iû the bar- 
rel be as many times rarér than the extemal atmosphère, as the 
magnitude of the barrel is greater than the magnitude of the 
space below the .valve V, Sien this air, when condexised into 
,that space, will ezert a pressure equal to that of the atmos- 
phère. Suppose the barrel contains ten cubic inches of air, 
and that t^e magnitude of the hole is thé hundredth part of a 
cubic inch, then me magnitude of the cylinder will be 1000 times 
the magnitude of the space which remains between the valve 
V and the bottom of the barrel, when the piston is pressed 
to the bottom. Consequently the process of raréfaction would 
be deduced until the air in the receiver would be rendered 1000 
times rarer than the extemal atmosphère. 

The vessel R being connected with a tube fumished with a 
stopcock C may be detached fîrom the syringe together with the 
stopcock by unscrewing the tube C ; and if the stopcock be 
previously closed, the interior of the vessel will continue to 
contain the rarefied air. 

In varions branches of physicàl science inquirie^ continually 
arise respecting qualities and effects of material substances, 
which are subject to considérable modification by the pressure 
or other qualities of thé air which surrounds them ; and it is 
often necessary in such investigations to discover what thèse 
qualities and enects may be, if the substances were not exposed 
to the mechanica] pressure or other effects conséquent upon the 
présence of the atmosphère. Although we do not possess any 
. means of removing altogether the présence of this fluid, yet 
from what bas been already stated it is plain that it may Ise so 
attenûated in an enclosed chaujber, such as the vessel R, that 
thèse effects may be diminished in intensity tb any degree 
which expérimental inquiry may demand. 

With thèse views it is necessary, however, not only to be 
able to introduce the substances which are submitted to expér- 
imental investigation into the chamber in which the raréfaction 
bas been accomplished, but also to be able to observe them 
when so situated. The latter purpose could be accompUshed 
by constructing the réceptacle R of glass ; but still it would be 
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■ neeesnrj to hâve iccess to the interior, «nd to construct ît of a 
coDvenlent form to recenettie Bubjectaof experiment,Mideven 
ÎD mony eues to be able ta roanipulate ot producs changea of 
position on the object thua eaclosed. 

For thèse purposea the form of the vessel R, and the mode 
of Connecting it with the syringe, must be somewhat chanved, 
and the arrangement which is giveo in.order to adapt t£em 
thus to ail the ezigeuciea of expcrimentol invesligatioD ïb called 
THE AiB prMP, an iiutrument which we will now proceed to 
explain. 

TTtt Air Pamp. 
(149.) The veaael in which the rare&ction is produced bv an 
ùi pump is called a Aemwr, and is usually constructed of ^Ibsb, 
in a cflindrical form, with an arched or lound top, fumished 
vrjth a bail as a convenient handie. A section R of thia îb re^ 
reseoted in^. 33. The moath or lover part ia open, and it la 



groond to a perfèctly smooth and flat edge. A circular brass 
plate is constmcted, aiso ^ronnd trùly plane and perfbctiy 
smooth, and its magnitude is accommodated to the size of the 
largest receiver intended to be lued ; a section of this plate is 
represented at S S. 

When the receifer is placed on the plate with its mouth 
downwards, the edge of the mouth and the sur&ce of the plate 
shonld be 8o truly plane and atnooth, that they may rest ïo air- 
tight contact. Tins may alwaya be inaured by si '-- '■■- 
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^roand edge of the receiver with a little lard or unctuons mat- 
ter. When the receiver is thus laid on the plate it becomes 
an enclosed chamber, similar to R, ftg, 22., but with this con- 
yenience, that any substance or object to be submitted to 
experiment may be previously placed under it, and observed 
through it afler the air has been rarefied. In the centre of the 
plate S S a small aperture O communicateB with a tabe T, 
analogoas to the tube inserted in the bottom of the syringe in 
Jlg» ^. This tube is fumished with a stopcock at G, which 
when closed cuts off ail communication between the receiver 
and the syringe, and when open allows the syringe to act on 
the receiver as already described. 

The syringe B fumished witii a piston P is fixed on a firm 
stand, and the tube T is carried in such a direction as to open 
a communication with the valve V in the bottom of the syringe. 
To facilitate the opération, it is usual to raise and depress Sie 
piston, not by the hand applied at the eztremity of the piston 
rod as formerly described, but by a winch D, which turns a toothed 
wheel W, working in corre^x>nding teeth, formed on the edge 
of the piston rod £. 

It is not necessary again to describe the opération of the 
syringe, since it is ezactly what has been already ezplained 
with référence to Jig. 22. The piston P is elevated and 
depressed by altemately tuming the wheel W in opposite 
directions, and the piston valve V' and the ezhaustin^ vidve V 
hâve the property and work in the manner already described. 
This instrument and that represented in Jig, 22. differ in noth- 
ing except tibe length and shape of the communicating tube T, 
the shape of the receiver R, and the mechanical method of 
working the piston. 

To ezp0dite the process of raréfaction, it is usual to provide 
two syringes worked by the same wheel as represen|l;ed in the 
figure, each being drawn up while the other is depressed. By 
thèse means a given degree of raréfaction is produced in half 
the time which would be required with a single syringe. 

In using this instrument it is always désirable, and frequently 
necessary, to ascertainthe degree of raréfaction which has oeen 
accomplished within the receiver. This is indicated, with great 
précision, by an apparatus called a barometric gauge, repre- 
sented at H G. Tfiiis consists of a glass tube H G, the upper 
end H of which has free communication with the receiver or 
rather with Ôie tube T at some point above the stopcock C. 
The tube H G is more than 30 inches in length, and its lower 
extremity is plunged in a small cistem of mercury. As the 
raréfaction proceeds in tlie receiver, the elastic force of the air 
pressing upon the mercury in the tube H G is diminished, and 
immediately becomes less than the pressure of the extemal 
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atmosphère on the surface of the meicary in the cistem H ; 
consequently this extemal presiure prevails, and forces roeicory, 
up to & cerUin hei^ht in the tube G H. As the rare&cdon i^' 
the air in the reeeiver incieuea, ita elastic force being dimin- 



weigfat of th[s column, comhined with the elastic pressure of 
the air remaining in tlke receivar, is equal to the atmoopheric 
pressuTe, because they are balanced bj it, and it is tharefore 
apparent that the elastic pressure of the air iD the reeeiver most 
be equal ta the ezceis of the atmospheric pressure above the 
weigbt of the mercnrial cohimn ïn the tube. Let us suppoM 
that the comnMm baTometer atanda at 30 inches, and that tha 
column in the gan^ meswires S7 inches, the différence between 
thèse, namolj, 3 inchaa of mercur^, will express the elastic 
force of the rarefied air in the reeeiver ; for the column of 30 
inches in the harcmeter moaaures the atmospheric preaanre, and 
the column of 37 inches in the e^u^ muât be added to the 
pressure of the rarefied air, in order to obtain tbe force which 
balances this presaure ; therefore the force of the rarefied ait 
must be équivalent to tbe pressure of 3 inches, bf which tlw 
barometiic twluinii exceeds the mercurial column suspended in 
tbe gtttge. 

In small pumps, which are osed on the table, gauges of this 
tarm are rejected in cocsequeuce of their inconvénient dimen- 
Moni. An instiuiaent called a siphon gauge is then used, tha 
principle of which ia eaaily understood. A amall elass tu)>e,of 
8 or 10 inches in lenmh, is bent into the fonn A B C D, repre- 
•Aited in fg. 24. The eztfemitf A is closed, and 
tbe extreou^ D opened and (iirmabed with a fif- M. 
•crew, by wfatch it may be attached to a tube con- 
nected with the tube T, ^. 33-, above tbe stop- 
oock C, Pure mercnry u poured into the tabe 
A B C D, j(f . S4^ aatH the leg A B ia coropletelj 
fiDed, and the mercury rises to S ahout half an 
ÎDch above tba inflection B. Tlie pressure of the 
atmoB^ere communicating treely with the sur- 
Ihce 8 thron^ D C will maintain the mercurjr in 
tite space 8 B A, and will prevent the surface B 
from risin^ towards C by the pressure of tbe colnnm 
B A. Wben D ia acrewed to the pump, and put ^ 
in communication with the esbausldiig tube T,_fig. 
93., above the stopcock C, then the BUiface S wUl 
be pressed hj the elastic force of the air in tbe reeeiver R, 
with which it communioates. Sa long as that elastic force is 
capable of euataining tbe column of mercurj in the le^ B above 
tha lerel of tbe sumce 8, this instrument will give no indica- 
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tion of the degree of raxefaction ; but when, by the opération 
of the synngey the air in the receiver is so far ezhausted that 
its ekustic force is unable to sustain the mercurial colunm in 
B A above the level S, then the mercury will begin to fall in 
the leg B A, and the surface S will rise in the leg B C. The 
coluïnn suspended in the leg B A, àbove the level S, will now 
be the exact measure of the elastic force of the air in the 
receiver which sustains it. In this respect the siphon gauge 
must be regarded as a more direct measure of the elastic force 
of the air in the receiver thaii the barometer gauffe. The lat- 
ter, in fact, measures, not the elastic force of ue air in the 
receiver, but the différence between that elastic forcé and the 
pressure of the atmosphère. To obtain the elastic force of the 
air in the receiver it is necessary aiso to ascertain the indica^ 
tiens of the barometer. The siphon gauge, however, giveis at 
once the pressure of the air in the receiver. 

(150.) The air pump has been constructed irom time tp time 
in a great variety of fonns, the détails of which it would not be 
proper to introduce into the présent trèatise.. The gênerai 
principle in ail is the same : they differ from each other chiefly 
m the construction of the piston and valves. 

In the form which has been above described, the air effects 
its escape from the receiver at each stroke of the piston by 
opening the suction valve V, fig, 23. Now in whatever way 
this valve is constructed it must require some determinate force 
to raise it ; and this force, in the case already described, is the 
elastic force of the rarefied air remaining in the receiver. Thus 
the opération of the machine is accomplished by the présence 
in the receiver of the very aeent which it is the object of the 
machine itself to remove, and from the very consti^ction of the 
instrument it must cesse to act while yet air of a ideterminate 
pressure remains in the receiver. 

This defect-has been sometimes attempted to be removedby 
cÀusinff the suction valve to open, not by the pressure of the 
rarefied air, but by «ome mechanical means acted upon by the 
piston. Such contrivances, however, are found to be attended 
with peculiarinoonvèniences which more than outweigh their 
advantages. Probably the most simple and the best contrivance 
is one in which the suction valve is altogether dispensed with, 
and the air passes freely through the ôpen tubes from the 
receiver to the pump barrel. Let T^Jig. 25., be the exhausting 
tube which is carried from the receiver, and enters the pump 
barrel at a point distant from the bottom of the barrel by a space 
equal to the thickness of the piston. The piston P is a solid 
plug, which moves air-tight in the barrel, and is propelled by a 
polished cylindrical rod which slides in an air-tight collar C in 
the top of the cylinder, which in this case is dosed. A valve ia 



jdaced in the top of the cylinder, which opana outirards, lad 
whkh may be coiutructed m the Bune muuier eis tha silk vilfea 
alreadj deacribed. Wben tbe piston descends, it lesves a 
vacuum ftbove it, t^ eztenul air not being allowed adnûwiDn 



throngh the valve at the top ; and wheD tbe pifton aniTea at 
thebottomofthebarrel, ithaspassed-the monthortheezhamU 

ing tube T, and fiUs the space below it. The sir in the receiver 
then expanda into the empt; piimp burel, and wben the pifton 
is raised, hâving passed the mouth of tbe tube T, the air which 
faits expBuded into the bairel ia confined betveen tbe piston and 
the top, Wbere, as the piston rises, it is condenaed. Wben it 
acqnires aufficient elastic force, it open* the valve at the t^ 
àna is discharged into the atmosphère. 

Tbe v&lve in the top of the barrel is in this case continualljr 
onder the atmospheric pressure, and therefore the air confined 
in the pump caa never be driven through it, untU it ia condensed 
b tbe piston, so that its force shall be gteater tban that of the 
moapbere. Frem the causes atreody eiplained, flrising from 
inaccnracj of mechanical construction, some small apace must 
inevitoblj remein betweenthe pistonand the top of Ûie barrel, - 
even wben the piston is drawn apworda as far as poasiUe. TMs 
imall space.will contain condenaed air, and the valve at C will 
cease b] act, nbeu the ajr which nccupies tbis space eiceeds 
the atmospberic pressure bf a force less thaii the tension of the 
valve. 

When the piston is ptested to the bottom, a small space will 
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likewise remain between the piston and the bottom, wbich wiU 
be oceupied by ab,-ibat at each ascent of the piston this air ex- 
pands, and is subjeet to constant diminution as the working of 
the purap is centinued. 

The principal source of imperfection in such an instrument, 
independently of that which anses from the mechanical inac- 
curacy of its construction, dépends on the tension of the valve 
in the top, and the pressure of the atmosphère upon it. To 
diminish this imperfection, the v^ve in the top is sometimes 
made to communicate by a pipe with a sma]l subsidiary ex- 
hausting syringe, by which the pressure of the atmosphère on 
the valve may be partially withdrawn, so that a less force acting 
under the valve may open it 

A perspective view of an air pump, with ail its accompani- 
ments, constructed upon this principle, is exhibited in fig, 26., 
where the several parts of the machine are marked wiUi the 
same letters as the corrésponding part in the sectional diagram, 
fig, S3. The subsidiary syringe just alluded to is also repre- 
sented at Q. It is worked by a handle H. 

JS:rpenmen/9 vAili the Air Pump, 

^151.) The pressure and elasticity of air are capable of being 
stnkingly illustrated in varions ways by experiments with the 
air pump. 

If a giass receiver, open at both ends, hâve a strong bladder 
tied upon one end, so es to be air-tight, and be placed i^pon the 
open end on the plate of an air pump, when the air is exhausted 
from the receiver, the pressure of the extemal atmosphère on 
the bladder wili immediately cause its upper surface to be con- 
cave, and when the airis sufficiently rarefied within the receiver, 
the pressure on the bladder will burst it, producing a loud noise 
like the discharge of a pistol. 

Again, if a large glass bowl, having a bladder tied firmly on 
its mouth 80 as to be perfectly air-tight, be placed under the 
receiver of the air pump, on withdrawing the air, the elastic 
forée of the air confined in the bowl being still undiminished, 
J and being no longer balanced by the atmospheric pressure on 

the outside, the bladder will be blown into a convex form ; and 
when the air in the receiver is so rarefied that the elasticity of 
the air confined in the bowl suffers little résistance, the bladder 
will burst, and the air confined in the bowl will expand through 
the receiver. 

f 152.) Fruit when dried and shriveled contains within it par- 
ticlos of air, which are held in its pores by the jHressure of the 
extemal atmosphère. If, therefore, this pressure be removed, 
we may expect that the air thus confined will expand, and if 



there m no qierture in the akin of the finit for iu escape, it wiil 
distend the skin. -Fruit in Uiia «se placed under a. receiver 
will asiume tbe appearance of lipenesa b; exhauetiiig the air ; 

for the expansion of the air contalned in the finit, by inflatinf 
the Bkin, willgiveitafi«Bh,ripe appeironce. Tbua a aluiïelea 
apple vill appear to grow auddenlf ripe and fi«eh ; and a bimcb 
of raisins wiU be converted into a bunch of ripe sTWei. 

(153.) A Qaccid bladder closed bo as to be au-tight at the 
mouth contains within it a email portion of air. Ttiis air presaea, 
by ils elaeticity, on the inner Burftfe, wbich is reaisted bj 
the atmowheTic pressure Irom withouL If 9uch a bladder be 
placed under the receJTerof a pump, and the air exbausted, the 
extemal pressure being thus removed, the elasticitj of the air 
included.will cause the blaiider to swell, and itwill tak^ sll tbe 
20 



(155.) I 
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appeuuice of being fullj inflated. Sncb a bladder placed 
nndei aeveral heavj weighta wîU raise them 
Fig. 37. by the expansion of the air. 

(154.) Let a cloae kIbsb vesBel A B, lig. 27, 
be putially filled wit£ water, and let tbe tube 
C D be inserted Ihrough ita aeck, the end D 
being below the surface of the water; the air 
above the sur&ce will thua be confined. If 
such a veesel be placed uudet' a receiver, and 
the air be withdrawn, the elastic force of the 
■ir confinéd in A B above thé Burtâce of the 
water will press the water np in tbe tube D C, 
&om which it will isBue in a Btream at C, when 
the pressure of the almoephere is sufficienttf 
removed by raréfaction. 

'■■"' ^y meus of an air pump we are 
3 demonstrate that the powei which 
3 causes water to foUow the piston in a pamp 
isthe atmospheric preBBUre,byBhowiiig that the 
water will not follow the piston when that atmoephorio pressuré 
ÎB removed. Let a small exhausting syringe, with its lower 
end in a vessel of water, be placed od the plate of tbe air pump, 
and let a glaas receiver, open at the top, be placed over it. On ~ 
the top of this receiver let a brass cap fitting it air-tight be 
placed, through a hole in the centre of which a métal rod ter- 
minating in a book passes air-tight Let the hook be attached 
to the end of the piston rod, so that by drawing the rod up 
through the air-ti^ht collar, the piston may be drawn from the 
bottom of the cylindertowards ttie top. If this be donc before 
the air has been exhauated from the receiver, the waterwill be 
found to rise after the piston as in the conunon pump ; but as 
Boon as tbe air in the receiver has been highiy rarefîed, it will 
be found that allhough tbe piston mav be diawn np in the 
syrince the water will not foUow it. Tbis effect may be ren- 
dered visible by constiuctinf the barrel of the pump or syringe 
of glasa, through which the waler will be seentoriae in tue one 
case and not in the other. 

(156.) If an ûr-tight piston be placed in close contact with 
the bottom of a syringe not tbmished with a valve, any attempt 
to draw it up will be resisted by the atmospheric pressure ; and 
if it be forced to the top of tbe cylinder and there diacharged, 
it will be immediately urged with considérable force to the bot- 
tom. The atmoepheric pressure above the piston, acting with 
a force of about 15 pounds on the sqaare inch, produces Ihis 
effect ; for the space between Ihe piston and the bottom of the 
cylinder not contumn^ any air, this pressure ia unresiated. 
Now if Ihis piaton be utroduced under the receiver of an air 
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pum{^ and be drawa up os alread^ described, it will be found 
tiiat in proportion as the air is withdrawn irom the receiver, 
less and less force will be required to produce the effect ; and, 
atlength, the raréfaction, will become so great, that the pres- 
sure of the remaining airis incapable of overcoming the friction 
of the piston with the cylinder, and it wiU, when drawn to the 
top, remain there, without retuming to the bottom. In this 
State, let the air be re-admitted to the receiver ; the piston will 
then be immediately pressed to the bottom of the cylinder. 

(157.) The oelebrated experiment of the Ma^deburgh hem- 
ispneres may he. per&tmed by means of an air pump. Two 

hallow hémisphères, constructed of brass, as 
represented in^. 28., are so temed that 
when placed mouth to mouth they shall be 
in air-tight isontact. They are fumished 
with handles, oœ of which may be screwed 
off. In the neck to which this handle is 
screwed is a tube furnished with a stopcock. 
The handle being screwed ofiÇ let the hém- 
isphère be screwed on the pump plate, and 
tiie other hémisphère being jdaced over it, 
let the stopcock be opened so as to leave a 
free communication between the interior of 
the s]^ere and the exhausting tube of tiie air 
pump. The pump being now worked, the 
mterior of the sphère wm form the receiver 
from which ail communication with the ex- 
temal air is eut off, and raréfaction will be 
produced in it to any degree which may be 
. desired. This being effected, let the stop- 
cock be closed \ and let the >sphere be detached firom the pump 
plate, and the handle screwed upon it If then the two handles 
De drawn in opposite directions, so as to pull the hémisphères 
from one a^other, it will be found that they wUl resist with 
considérable: force. Xf.the diametcar of the sphère be 6 inches, 
its section through the «entre will be about 28 square inches. 
The hémisphères will be pressed together by a force amounting 
to 15 pounds for every square inch in the section. If 28 be 
multiplied by 15, we shall obtain 420, which is the amoùnt of 
the force with which the hémisphères wiU be held togethei; 
If one of the handles be placed on a strong hook, and a weight 
of 400 pounds be suspended from the other, the weight will be 
8uppoi|bd by the pressure of the atmosphère. 

This was one of the earliest experiments in which the effects 
of atmospheric pressure were exhibited. Otto Guericke, the 
inventer of the air pump, constructed in 1654, a pair of such 
hémisphères, one foot in diameter. The section through the 
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centre of thèse waa abont 113 square inches, irlnch, mnltildied 
W 15, giret a pressure amounting to about 1700 pounda. If 
tbe ez^ustian were complète, the hémisphères would b« held 
toKthet by this force ; but, eren though incomplète, they wert 
BtSl abie to Tesist a prodigioui force ten^ing to draw them 
Munder. 

(156.) It is a cosseqnence of the geneial theory of gravita- 
tion, that iiader the aame circumstances, bodies aie attracted 
in proportion to tbeir mass ; and hence it woutd follow, that ail 
bodies, whatever be their masses, should fsU at Ihe ssime rate. 
Now the instances which ntost commonlj conie ander oui ob- 
servation seem to coutiadict this inference ; for we find a pièce 
of métal and a pièce of paper fkll at very diffeient lates, and 
stUl more difiéient is the nte at which a pièce of métal and a 
féather would falL The cause of this circumstance, however, 
is eaaily eicplained. The TeaUtance offered by the air ia pro- 
portional to the quanlâty of surfeoe which the body présents in 
the direction of its motion. Now the métal may présent a 
considerably less eurfâce than the feathei, while the force 
which it exeits to overcome the resisl- 
P^, B. ance is many times greater, beoause of 

its greater weight Hgpce it foUowa, that 
the résistance of the air produces a différ- 
ent effect on the métal compared with the 
«ffect which it produces on the feather ; 
bat ail donbt wiU be removed if the feath- 
er and the métal are allowed to fall in a 
chamber fiom which the ùt has been 
withdnwn. A glass recelver is repre- 
aented in Jig. 29., wbicb may be placed 
on the plate of an air pump, and on the 
top is placed a bress cover, which is air- 
tight. Under this Bereral brase stage* 
are attache d, constructed in Ihe manne r of 
trtq> dooiB on the hinges, and eupported by 
eroall pins, which project" from the sides 
of a métal rod, pûsing through an air- 
dght collar in the brass cover. By tum- 
ing this meta] rod the pins may be- 
lemoved from under the tian doors, and 
they will fall, diaeng^ing «hatever may 
be placed upon them. Suppose a piecs 
, I of coin and a feather be placed upon one 

' of thèse stages, Bupportedby a projecting 
pin. This arrangement being made, let 
the brass cover be placed on Uie teceiver, ao as to be «ir-tigbt, 
and let tha receifer be then ezhaneted by the pump. When a 



high degree of raréfaction haâ been prodi %e commuuicatioii 
tunied hj the haiidle st the top, bo as to n ^tmoaphere. Let 
tuder the stage ; the coin and the feathe^ t^ cylinder. The 
let ftl], and it will be obeerved that they willW of ^^ ■""« 
ezBctlj the same rate, and etrike the bottmn aWopcock D be 
BtanL Thia ia the experiment cotnmonly knowi» — *•"—"•-' '- 
of "the guinea and featber experiment." 

(159.) The Burgical pioceaB called ctippiug, c . ^_ 

moving the atmospheric pressure from the part of tBIP*'''*'^* 
flubmitled to the opération. A veasel with an open mofif ^t- 
connected with an exhauating' Bjringe. The mouth ù app the 
in aâr-tight contaxit with the sfein, and, by workine the Byrii.*''® 
t. part of the air is withdraWB Irom the veasel^ and, coijs^ 
qaently, the akin within the mouth of Ihe veasel ia relieve? 



ftom its premnic. AU ^e other parts of the body, hoveTer, 
betng stiJl Hubiect to the atmospheric preasnre, and ue elsatic 
force of the flmds contained in the body havin^ an eqaal de- 



gree of tension, that part of the akin which is tiioa reliered 
&om the pressure will be swelled out, anfl will hâve flie «p- 

Kartince of bcing sucked into the cupping glass. If the skui 
puDctured by lancels, the blood wdl thns be drawn from it 
in a peculiar manner. 

(Iw.) That the présence of air is necessary for the trang- 
mission of sound may be strikingly iUustrated by the air pump. 
A small apparatuB,j^. 30^ which, byiiebig drawn upwaras and 
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downwïrdi «Item» aaly, causes a beU to ring, ia placed on the 
pnmp pjate, uid /feçered by a receiver with an open top. A 
DrasB cover, funufflje^ ^jjjj ^ aliding rod, û placed upon tMa. 
The Bbding rod i «,nainated in a hook, which "catchee the ap- 
paratua, «^o^f'whicli it may be altemately raiaed and lowered, 
without .«Jlo'Jig any air to pass iiit« the receiTer. The appa- 
T«tuB being rgi,g suspended in lie receiver by a ailken thread, 
BOthat it Jtgu not touchthe boWom or sidei, !et the ùr be 
exhauBte^ by the pump. When the rarefactjon haa been 
'"'"Sr to a sufficient extent, let the rod be altemately raised 

Jlowered, bo that the bell shaU ring. It will be found to be 
aible. 
the air be now graduolly admitced, the sound will at first 
arely] audible, but will become louder by degrees, UDtJl the 
iver is agajn filled witfa air, in the Bame Btate as the eiter- 
itmoBphere. In this experiment c&re must be taken not to 
let the aounâing apparatuB rest on the pump plate, for it will 
then communicate a vibration \o that, wliich will finally affect 
the eifteraal air, and produce a Bound. 

Tht Condenting Sgrâigt. 

(163.) The condensing Byrïnge ia ou instrument by which a 
greater qaantity of air may be forced into a 
Fif. 31. Teaael tban that vesse) containa when it bas 

a tree communication with the extemal at- 
mosphère. 

Let A B, Jig. 31., be a cylinder fumished 
with a piston P, which movea air-tight tn iL 
Let C be a tube proceeding from the hottom, 
and fumiahed with a stopcock. Let iib anp- 
poae this tube to communicate wilh the re- 
ceiver or vessel R, in which it ia intended to 
condense the air. Let another tube D pro- 
ceed from the cylinder, also furnished wilh a 
Btopcock. Let the piston be now drawn to 
1 the top of the cylinder, hoth stopcocks being 
i open. The receiver R being m fVee com- 
munication with the atmosphère, will contain 
air of the aame density and pressure as the 
extemal atmosphère. Let the stopcock D 
be now cloaed, and let the piston be pressed 
to the bottom of the cylinder ; the air confined 
in the cylinder below the piston will thus be 
forced Ihrough the tube C into the vesael R, 
while the piaton is pressed against the bottom 
B. Let the stopcock C be closed, bo as to 
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prerent the e■cl^>e of the aii from the veasel R, anà let the 
•topcock D be opened, 80 u to allow a froe commoiiicKtiDii 
between the c;linder A B and the extemil atmosphère. Let 
the piaton be again dnwD b) the top of tbe cjlmder. The 
cyhDder irill then be fiUed with atmoapheric air of the saine 
deiuit^ es the ezternal aCntoephere. Let tha atopcock D be 
ctoaed and C opened, and let the piston be once more forced to 
the bottom of tàie cjlinder ; the contents of the cylinder irill be 
thaB again dischaiged, and forced into the leceiver R. Let 
the atopcock C be again cloaed, and let the process be repeated. 
It is évident thtt at eoch stroke of the piston a volume of at- 
mospheric air will be fbrced into the receiver eqaal to the 
diniensioQS of the cylinder A B ; and there is no linùt to Um 
degree of condensation, except that whicb dépends on the 
ttrengtb of the receiver R, and the cylinder and tubes, and on 
the power bv which tbe piaton la urged. 

After each stroke of the piston, iha densit; of the air in R h 

increased bjr the admission of as iQuch abuospheric air as fflla 

thé cylinder AB, aud therefore the densit;, as the piocess ad- 

vinces, receives equal incréments at each stroke of the piaton. 

Let os suppose that tha receiver R has ten timee the capaci^ 

of tbe cjlinder A B, and let us snppose that the elastic pressora 

of the air in R at the commencement of the 

FSg. St. opération is ezpressed by the number 10. 

Afler the fiiet stroke this pressure will be 

ezpresaed by the number 11, inasmuch as 

the quantit; of air in R bas been incrcaaed 

by one tenth part of ita volume. After the 

second stroke the pressure will be expreso- 

ed by the number 13 ; afler the third by 

the number 13, and so on. 

In the form given in practice to the con- 
densine sjringe, the necessity îor nanipu- 
lating Dj tbe stopcocks hère repreaented is 
removed. A ailk valve, such as that de- 
■cribed in tbe exhauating syringe ia placed 
in tiie tube C, Jig. 32., but opening down- 
wards. Tbe neck of the receiver R is fiir- 
nished with a stopcock and a tube, wbicb 
terminâtes in a screw. This screw is con- 
nected with a corresponding one proceedin^ 
from tiie bottom of tbe syringe. Bj this 
airangement, the air is capable of passing 
through the silk valve frojn the syringe to 
the receiver, but not in a contrary direction. 
A small hole ia raade through the [riston, 
e'xtending from tbe upper to tbe lower mtr- 
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fttf e, and the silk valve is extended across thia hole on tbe 
lower maùicey ao that air is capable of paasing through tfa» 
valve to the cylinder below it, but not in a contrary direction. 

Nowlet-ufi suppose tiiat the air in the receiver has the same 
pressure *.ahd density as the extemal atmosphère, and let the 
piston P be at the top of the cylinder, tbe air in the cylinder 
A B also having the same pressure and density as the extemal 
air. By pressing the piston towards the bottom of the cylinder, 
thé air enclosed will become condensed, and by its increased 
piresstire will open tiie valve V, and as the piston descends will 
be forced into the receivef R. When the piston has arrived at 
tbe bottom, ail the air contained in the cylinder will be trans- 
ferred into the receiver. It will be retained there, because the 
viQve V, opening downwards, will not permit its retum. If the 
piston be now cEawn up, it will leave a vacuum below-it when 
it begins to ascend, but the pressure of the atmosphère above 
wîn open the valve V , and the air rnshing through will fill the 
cylinder as the piston ascends ; anâ when the fnston has arrived 
at Ûte ti^ of the cylinder, the space below it will agaîn be 
filled with atmospheric air* By the next deseent of the piston 
this air ia foiced into the receiver R as before, and so the pro- 
eess is continued. 

It should be observed, that when the piston P is drawn to the 
top of the cylinder, the air which has passed into A B has not 
qnite so great a preeaxae as the extemal atmosphère. This 
arises from the valve V requiiing some definite force, however 
small, to open it When the air which has passed into the 
dbamber A B acquires a pressure which is les? than the atmos- 
pheric pressure by an amount equal to the tension of the valve 
y, then the excess of the pressure of tho atmosphère over the 
résistance of the air contained in A B will be insufficient to 
open the valve V, and no more air can pass into the cylinder. 
It should also be observed, that the valve V, being pressed up- 
wards by the elastic force of the air condensed in the receiver, 
requires a still greater pressure than this to open it, and there- 
fore before the valve V can be opened, the air enclosed below 
the piston P must always be conaensed by the pressure of the 
piston in a higher degree than the air is condensed in ^e re- 
ceiver. The observations which hâve been made respecting 
the limit of the opération of the exhausting syrin^e, arising 
from mechanical imperfections and other causes, ^ill also be 
applicable hère. However nicely the piston P, and the cylin- 
der in which it plays, may be constmcted, there will still be 
some small space remaining between it and the silk valve Y, 
when it is pressed to the bottom of the cylinder. Into this 
space the air contained in the cylinder may, finally, be con- 
densed ; and when the presàure of the air contained in the 
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reeeiver becomes equal to the pressure of the air condeosed 
into the space between the piston at the bottom of the cylinder 
and the sÛk valve, the opération of the instrument muet neces- 
sarily cease ; for thenthe utmost degree of condensajtion wl^h 
can be produced above the silk valve V will be insufficient to 
open the valve, and therefore the syringe cannot introdnce 
more air into the reeeiver. 

The Condemer. 

(163.) The condenser bas the same relation to the apparatus 
just described, as the air pump bas to the exhausting syringe. 
The condenser consists of a reeeiver firmly and conveniently 
fized, communicating by a tube with one or two condensing 
syrinçes, which may be worked in the same manner as the ex- 
hausting syringe described in the air pump. 

In llie use of such an instrument, it îs convenient to possess 
the means of indicating the degree of condensation wiuch bas 
been efiected. For tms purpose a mercurial gauge is used^ 
analogous to that which is applied to the air pump. A bent 

tube, A B C, J^. 33., contains a small quantity 
of mercury. S, B, S', in the curved part When 
the ends of the tube are open, and in free com- 
munication with the atmosphère, the surfaces, 
S, S', will stand at the «ame level. The ex- 
tremity C is fumished with a stopcock, by 
which a communication with the atmosphère 
may be permitted or intercepted. The extrem- 
ity A communicates by a tulse with the reeeiver 
in which the air is to be condensed. At the 
commencement of the process, before any con- 
densation bas taken place, the stopcock C is 
closed, and the air inclnded between it and the 
surface S' bas then the same pressure as the 
extemal atmosphère. The air in the reeeiver 
having also that pressure, the two sunfkces S 
and & necessarily stand at the same level. 
When the condensation of air in the reeeiver commences, the 
pressure on the surface S is increased ; therefore that surface 
falls, and the surface S' rises. The pressureof the air con- 
densed in the reeeiver will diùs be balanced by the weight of 
the column of mercurv between the levels S and S', together 
with the pressure of the air enclosed between S' and C. But 
by what has been proved m (133.) it follows, that the pressure 
of the air enclosed in S' C is increased in the same proportion 
as the space S' C has been diminished. Now, as the original 
pressure of the air contained in this space was equal to the 
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pressure of the atmosphère, it îs always essj to find the près- 
sare of the air reduced in bulk by increasing the amount of 
atmospheric pressure in the same proportion as the space S' C 
has been diminished. Thus, if the air enclosed in the tube he 
reduced to half its original bulk, then the pressure it exerts 
will be double the atmospheric pressure. If it is reduced to 
two thirds of its bulk, then the pressure of the enclosed air will 
be to the atmospheric pressure in the proportion of three to 
two, and so on. The pressure thus computed being added to 
the pressure arising from the column of mercury between the 
levels of the surfaces S and S', will give the whole pressure of 
the air condensed in the receiver. 

Although the condenser U not without its use in expériment- 
al physics, yet it is an instrument far less important than the 
air pump to which it is so analogous. The cases are innumer- 
ab^e in which it is necessary to inquire what efièct would take. 
place in the absence of the atmosphère ; but thejr are corn- 
paratively few in which it is necessary to investigate what 
efTects would be produced under increased atmospheric 
pressure. 

We do not, therefore, think it necessary, in a treatise of thia 
nature, to enter into further détails conceming the condenser. 



CHAP. VI. 

MACHINES FOB BAISIN6 WATEB. 

THE LIFTING PUMF. — PUMP WITHOUT ^RICTION. — THE 8UCTI0N FUMF. 
— THE FORCING PUMP. — THE SAME WITH AIR VE8SEL. — THE SAME 
WITH A SOLID PLUNGER. — ^DOUBLE FORCING PUMP.^— ^HE FIRE EN» 
6INE. — SIPHONS. — THE WURTEMBURG SIPHON. 

(164.) Machines of a ^at voriety of fonns,and constructed 
upon varions principles, derived firom mechanics, hydrostatics, 
and pneumatics, bave been applied to the purposes of raising 
water above its naturel leVel. Thèse machines generally are 
called Pumps, 

The most simple machine of this description is that which is 
called 

The lAfting Pump, 

(165.) Let A B D C,^. 34., be a short cylinder stfbmerged 
in the well or réservoir Irom which the water is to be raised. 
This cylinder communicates by a valve x, with a tube or fHpe 



LIFTING PfMP. 

C S, vhich ta curied apwuda U 

A B, and ia worked Itj t. rod or fraine- 
Fif. 34. «lork, aa represented tn the figure. 

Thia piston ù funÙBhed iritb a. va^e e, 
whicfa opeDs upwirds. 
t Wheo tbe piatoD deicends, the prea- 

, Bure ofthe wUer opens the vilTe e, and 

the cylinder between the two valvea ie 
fiUed with water. Wben the piatoa 
ia niaed, tfae water between the valvea 
being preased againat the valve z opeoa 
it, and ia driven lato the tube C E, 
irôni which ita retumia intercepted bj 
the valve i. The wRt«r follows the 
piaton in ita Etacent by the h ydroatatical 
preaBUie of the'water in the reaervoir 
outBide the cylinder ; and on the next 
descent of tbe piston, water will agaiu 
paaa througb tbe valve e, which w^ be 
driven tbiough the valve z, on ita aezt 

The use ofthe valve x ia evidentlj 
to relieve the valve v during the de- 
scent of the piston flrom the presaure 
ofthe colunm of water in the tube C E. If the valve e were 
■abject to that preasure, ît would fui to be opened during the 
deacent ofthe piaton b; the preasure of the water in tbe well, 
becanse the level of that water is necessarily below the levet 
ofthe wal«r in the pipe C B. 

Tho use of the valve s is to prevent the retum of the water 
through the piston during ita aacenL In drawing np tfae piston 
a force will be neceaaat; sufficient to support the entire colunin 
of w&ter from the valve v to the surface of tho water in the 
tube C E. The actual aiDOunt of this force ia the weight of a 
column of water, whoae base is equal to the horizontal section 
of tbe piaton, and whoae height is eqoal to the heigbt of the 
Burtâce of tbe water in the tube C E above the valve v. It is 
évident that afler eacb stroke of the pump, the presaure on the 
piston, and the force neceasary to raiae it, will be increased by 
thn weigbt of a column of water whoae base is the horizontu 
secdon of the piston, and whoae height is equal to the increase 
which the élévation of the colunm m C E reçoives tïom the 
water driven through the valve x. 

(166.) The in^nioua fonn of pump repreaented iojtg. 35, 
aets npon the prmciple of the lifUng pump, thoueb veiy oifibr- 
ent &mn it in appearsnce. It ia reconmended by the circunt- 
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cainble of being worïedbvthe weightof anuiimil n _j. 

an inclined plane, nne of Ihe most advantageoua wt,ja in wlîcK 

knimal pawer can be applied. 

Let A B C D be a wooden tube of any 
-'V- 3^- ahape, round or square, whicb deacends ta a 

depth in the well or Teservoir equal to tbe 
height above the mirface of tbe reserroir to 
which the water is' required to be raised. - 
Thus if A H be the heiehc to wtiich the water 
ia to be raised above Uie level of the well, 
thea the depth G B must be at least equal to 
AH. L M is a heavy beam or plunger, aus- 
pended from a chain, and capable of deecend- 
mg by ita own weiffht in water. A valve 9 
covera au opening placedat the bottom ofthe 
tube OT borrel. By the hydroalJitic presaure 
the water will enter the valve v, and fill the 
bairel to the level ofthe water in tbe ciatern. 
G I ia a ahort tube proceeding trom the aide 
of the bairel, at the aurface of the wat«r, and 
conununicating with the vertical tube A H 
by a valve H, wbich opens upwarda. K ia 
the Bpout of diacharge. The plun^er L M 
hanga looaely in the tube, eo that it movea 
npwMtb and downwarda perféctly &©e from 
fiiction. When thia plnnger ia atlowed to 
descend by ils weight into the water which 
filla the lower part of the tube, the valve v i» 
cloaed, and the water displaced by the plunger 
s forced thiough the valve H into the tube 



eaimot retum. The water from the cistem then flows through 
the valve s, and risea in the tube to tbe level G. The nezt 
deecent of the piston propela more water into the tube A H, 
and tliia ia contmued aolong as the piston ia worked. 

The manner in which anch an apparatua ia worked by the 
weight of a man ia repreaented in J^. 36. Two pumpa are 
uaed, auch as that juat deacribed, and when the plunger de- 
scenda in one it riaes in the other. The two pumpa communi- 
cate with one vertical pipe, which therefore receives a continuai 
Bupply of water; for while the action of one punp ia suspend- 
ed, the other ia in progceaa. A man walka from one end of an 
inclined plane to îbe other, asd, by bia weight npon one side 
or the other tj the Memm, cau*ea the plungen altemately to 
iiaeandftlL 
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7%e Sudion Pump. 

(167.) The common suction pump is a large syringe, which 
is connected with a tube, the lower extxemity of wMch is plunged 
in a well, from which water is to be raised. This tube is 
called a suction pipe. 

Let W^fig. 37., represent the well or réservoir from which 
the water is to be elevated, and let S O represent the suction 
tube. The lower end O of this tube being pierced with holes 
acte as a strainer, and prevents the admission of solid impurities 
into the pipe which might choke the pump and impede its 
action. At the upper end of the suction tube a valve x is placed, 
which opens npwards, and at this point the tube is connected 
with the great syringe B C, fumished with a piston, in which 
there is another V4dve v, which also opens upwards, as already 
descnbed in the exhausting syringe. The piston is worked 
alternately upwards and downwards in common pumps by a 
lever, called the brake, but may also be worked in manv otixer 
ways. At the commencement of the opération, the ^evel of the 
water in the suction tube coincidea witii the level of the exter- 
nal water in the wbU, because both are subject to the same 
atmospheric pressure ; but when the syringe B C is worked, it 
will rarefy the air in the tube S O, on the principle and in the 
manner explained in (148.). The pressure of the air in S O on 
the surface of the water within it being thus diminished, and 
21 
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rendered less than tbs preBauTe of the atmosphère on the exte- 
rior surftce of the water in the well, a coluinn of water will bo 
forced in the tube S O bj the excess of the atmospheric pres- 
sure. In proportion as the raréfaction of the air between the 
surface of the columQ suspended in the tube S O and the valve 
I is increaaed, in the same proportion will ita fH«siure on the 
Burf^e of the colomn be diminished, and bo long ob tliis dimi- 
nation ia continued the height of the colunm will increase, 
There is, however, a limit to this height. If the air could be 
altogether withdtBwn from the tube S O, and an abscdute 
vacuum produced beneath the valve x, like that whicb exists 
obove the mercury in the bnrometer, then the atmospheric pres- 
sure, acting with undiminiahed effect on the surface of the 
water in the well, would suatain a column of watet in the tube 
8 O, the weight of which would be equa] to a column of mer- 
cury with the samc ba^e, and having the height of the mercuiy 
in Uie barometer, Now the spécifie gravity of w^r ia about 
131 tinics leii^ titan that of meicury, and conaequentty a force 
which could sustun a column of 30 inches of merciiy would 
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support a column of water 13è times greater in height If the 
barometer, therefore, be considered to stand at 90 inches, the 
atmospheric pressure would support a column of water of about 
405 inches, or 34 feet From this considération it will appear 
that if tiie opération of the syringe were perfect, and that an 
<absolute vacuum could be produced below the valve x, still the 
water could never ascend through that valve by the atmospheric 
pressure, if its heightabove the level of the water in the cistem 
exceeded 13è times the height of the baxometric column. In 
thèse countries the barometric column varies between 28 and 
31 inches in heiffht, and therefore the valve x ought not to be 
more than 30 reet above the level of the water in the well. 
But it is still to be observed, that the construction and opéra- > 
tion of the great syringe B C is subject to inévitable imperfec* { 
tiens, which are always greater the larger the scale on which 
the instrument is made. Even in small syringes aoturately 
constructed, a degree of imperfection exists, which bas been 
already noticed in the explanation of the exhausting syringe ; 
but such defects aie greatly increased in a larger syringe, such 
as that used in common water pumps, where a conunon and less 
expensive mode of construction must be used. 

From thèse causes, a column of water, which can be raise^ 
in the tube S O, will be less than even 30 feet in heiffht It is 
obvions, however, that within this limit the length of the tube 
S O must be determined by the degree of excellence attained 
in the construction of the sjnringe C B. 

When the rare&ction bas been carried to a sufficient extent, 
the tube S O being adjusted to a proper length, the column of 
water will rise until part of it pass through the valve x, and it 
will ascend to a level in the syringe B C, the height of which . 
above the water in the well will be determined by the excess 
of the atmospheric pressure above the pressure which continues 
to act on the surface of the water in C B. The water which is 
thus drawn into the syringe presses by its weight on the vQlve 
X, and cannot return into Sie suction tube. Wnen the piston is 
now pressed down, it will act on the water which has been 
raised above the valve x in the manner of the lifting pump 
already described, and the remainder of the process in raising 
the water will be in ail respects the same as that which has 
been explained in référence to the lifting pump. In this case 
the water raised through the suction pipe, and deposited above 
the valve x in the syringe, serves as a well to the syringe, con- 
sidered as a lifting pump. It is évident that, according as the 
water is elevated above the piston, the atmospheric pressure 
acting on the surface of the water in the well will force more 
water through the valve x. In this way the process is contin- 
ued ; during every ascent of the piston water being raised 
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iduongh the valve x, aod during esch deecent of tbe piston the ■ 
same quantité of water passing through Ihe valve v. As tha 
noter accumulatea above the piston, as described in the lifUng 
pump, it at length reachea Ùie epout fiom which it is dis> 

Fit.S7. 



Such ia the construction and operatàonof thecummonhouse' 
hold pump. It may appe&r, at fltst view, that tbe pressure of 
the aboospheie austalning the colunin of water in the auction 
tube fumishes an aid to the poifer' which works the pfirap. 
This, however, is not the case ; at least not so iu tbe sensé m 
which it is commonly underatood. To mako thia intelligible, it . 
will be necesaary to conside» somewhat in détail the force'a 
which are in opération during' the process. Tbere are aome 
forces which are directod downwarda from the top of the syringe 
towards the bottom of the well, and others which are directed 
npwarda. Now it is évident that the toSchanical power applied 
to draw the piston up will hâve to overcome ail that excess by 
wbicb the forces downwards ezceed tbe fotces upwards. Lct 
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US sappose a colmnn of water restiiig on tfae piston, after Imving 
passed through the valve v. The upper sumce of this column 
is pressed upon by the wei^ht of the atmosphère ; the piston 
has, therefore, this weight to sustain. It has also to sustaia 
the weight of the water which is above iL The atmospberic 
pressure acting also on the water in the well, is transmitted by 
the quality of liouids explained in Hydrostatics, chap. ii^ to 
'the bottom of the piston ; but this effect is diminished by the 
weight of the column of water between the surface of the water 
in the well and the bottom of the piston, for the atmospheric 
pressure must, in the first place, sustain that column, and can 
only act upon the bottom of the piston in the upward direction, 
with that amount of force bv which it ezceeds the weight of the 
column of water between the piston and the well. T^e eflTect, 
therefore, on the piston is the same as if it were presàed down- 
wards by the weieht of the column of ^water between the piston 
and the well, and at the same time pressed upwards by the 
atmospheric pressure. Thus the piston may,«in fact, be regard- 
ed as being urged downwards by the following forces, — the 
atmospheric pressure, the weight of the water above the piston, 
and the weight of the water between the piston and the well ; 
that is to say, in fact, by the atmospheric pressure, together 
with tlie weight of ail the water which has been raised from the 
well. At the same time, it is pressed upwards by the atmos- 
pheric pressure transmitted from the sur&ce of the water in the 
welL This upward pressure wiU neutralize or destroy the 
effect of the same atmospheric pressure acting downwards on 
the surface of the water above the piston, and the effective 
downward force will be the weight of ail the water which is 
contained in the pump. 

By this reasoning, it appears that the pump must be worked 
with as muph force as is equal to the weight of ail the water 
which is in it at any time, and, therefore, that the. atmospheric 
pressure affords no aid to the working power. 

Since the action of the pump in raising water is subject to 
intermission, the stream discharged from the spout will neces- 
sa^y flow by fits and irregularly, if some means be notadopted 
to prevent this. At the top of the pump a cistem may bc con- 
structed, with a yjew to remove this inconvenience. If the 
pump be worked, in the first instance, so as to raisemore water 
in a given time than is discharged at the spout, the column of 
water will necessarily accumulate in the barrel of the pump 
above the spout. The cistern M N wUl, therefore, be fiUed, 
and this will continue until the élévation of the surface of the 
water in the cistern above the spout will produce such a pres- 
sure, that the velocity of discharge from the spout will be equal 
to the velocity with which the water is raised by the piston. 
21* 
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The lerel of the watai in the ciateni inll tberefbre cmm to 
rUe. This tevel, however, will be aobjeet to & miaU v&riation 
ai the piston rises ; foi while tbe piéton is' dBacendinr, the 
wftter is flowing from the spout, and no water ii raieed Ey th« 
piston ; conaequenUy tbe level of the water in tbe cistern fidla. 
When the piaton riaes, water ta Taised, and the quantitjr in tba 
cistem ia increased &ster than it flowa from tbe apout ; conae- 
quentlj the level of tbe water in the ciatem riaee, and tbua this 
lerel altemately riaes and faUa wîth the piston. But if the 
magnitude of the cistem lie much greatei than the section of 
the pump barrel, then this variation in tbe luiftce wiU be pio- 
poitionaJly small, fbr the qiuntity of water which fills a part of 
the batre], equal to the play of Ute piston, will prodace a veiy 
Blight change in the surface of the water ia the cistern. The 
flow, theretore, from the apout S will be uniform, or nearij wa. 

TV Fam.t\% Pump, 

[168.] The forcing pump is su instrument which oombines 
the principles of the auction and the litting pnmp. In Jig, 38^ 



C E is a etictîoa [ripe which descends Into the weti, at the top 
of which is tbe suction valre V openinr upwards. The pnmp 
banel A B C D is fiimished with a aolid puton without a T&lve, 
and from Ihe aide of this bairel, Just above the auction valve, 
there proceeds a pipe which communicatea with an uphght 
cjrlinder G H, which is camed to the height to which the watei . 
ia intended to ho raiaed, In U» bottom of this cylinder ia 
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placed a valre V<, which opens upwards. In the conunenee- 
ment of the process, the suction pipe C £, and the chaœber 
between tiie piston and valves, are filkd witb air. When the 
piston is depressed to the valve Y, the air eneloeed in the latter 
chamber becomes eondensed, and, opening the valve V, a part 
cf it escapea. On raisfaig the piston the air below it becomes 
rarefied, and the air in the suction pipe, opening the valve Y by 
its superior pressare, expands into the upper chamber : a part 
of it is expelled through the valve Y', when the piston nezt 
descends. During this process, it is évident that the pmnp acts 
as an air pamp or exhausting syringe, and is in ail respects 
avivaient to the instrument described in (148.). When the air 
becomes sufficiently rarefied by this process, the atmospheric 
pressure forces water from the well through the suction pipe 
and the valve Y into the chamber between the piston and ike 
valves. When the piston now descends,, it presses on the sur- 
face of the watér, and the valve Y opening upwards prevents 
the retum of the water into the suction pipe ; while the pres- 
sure of the piston, being transmitted by the water to the valve 
Y', opens it, and, as the piston descends, the water passes into 
the force pipe G H. The next ascent of the piston allows more 
water to pass tiirough the valve Y, and the next descent forces 
this water through the valve Y' into the force pipe. By contin- 
uing this process, the quantity of water in the force pipe con- 
tinually increases, reoeiving equal additions at each descent of 
the piston. 

It is évident that the force pipe may be placed in any posi- 
tion, whether perpendicularly, obliquely, or horizontally, and 
that, in every case, the action of the piston will propei the water 
through it 

When the piston is pressed downwards, and the valve Y' is 
opened, it is necessary that the force which works the piston 
should balance the weight of the column of water in the force 
pipe, for this weight is transmitted by the water between the 
piston and force pipe to the bottom of the piston ; consequently, 
the height of the column of water in tlie fwce pipe will measure 
the intensity of the pressure against the base of the piston when 
the valve Y' is open. A column' of water about 34 feet in 
height, suspended in the force pipe, will press oli the base of 
the piston with a force of about 15 pounds on each square inch, 
and the pressure at other heights will be proportipnal to this. 
The force necessary to urge the piston downwards may, there- 
fore, aiways be calculated. In drawing the piston np, Àe valve 
Y' is closed, and relieves the piston from the weight of the 
incumbent column ; if the valve Y is opened, the piston is snb- 
ject to the flame pressure as in the suction pump. This pres- 
sure has been alread^ proved to be equal to the weight of the 
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column of wnter reieed sliove the level of tht ««ter in tbe 

well. 

It fbllowB fivin thù, Uut if the height of the Ibrce pip« be 
equal to the length of the saction pipe, Ihen the piston mnat be 
presHed upwards and downwards with tbo saine force ; but if 
the height of the force pipe be greater or lésa than the length 
of the suction pipe, the» the downward pressure must be greater 
or less, in the same proportioD, than the'force which draws the 
. piston up. In fsct, the force which draws the piston up in thia 
pump, sAer the weter has been raised to the vâjve, is nniform ; 
while the force with irbich the piston must he urged down- 
war&s is continually increasing, until the water in the force pipe 
reaches its point of discharge, and until the diacharge becomes 
equal to the supply. 

The Bupply of water b; the force pipe through the valve V, 
ifl evidenôy intermitting, beÎDg suspended during the ascent of 
the pistou ; it follows, Uierefore, that the flow from the point of 
diacharge will be liable to the same intennission, if meana be 
not adapted to counteract this effect. A cistem placed at the 
top of the force pipe, as aheady described in the suction pump, 
maj serve the purpoae, but it is général!^ more convenient to 
use an adparatus called an air veasel, which is represented In 
fig. 39. ïninediately above the valve V a short tube cominq- 



nicatee with a Btrong, cloee vesBel of aufficient capacitv ; throngh 
the top of this vesael tbe force pipe G H passes, and descends 
to a point near the bottom, Bj the action of the pump the 
water ia fbtced into the vessel M N, and when its surface risea 
above the miouth H of the force pipe, the air in the vessel M N 
îsconfined above tiie water; and as the water is gradually 
fbrced in, thi* air ia oompressed, and acts with increaaed etaatic 
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force on the aurihoo, of tbe wnter : thia pressura forces a coliuim 
of waUr into the pipe H O, uid maintains tiint column at.an 
eleTUion proportiouu ta tbe elaatic force of the condensed air. 
Wbeit the aii in the vesael M ie reduced to half its original 
bolk, it will oct on the sutftce of the w^ter iritfa double the 
atmospberic presBUre ; meonwhile, the water in the force pipe 
beisg Hubjeot onlj to once the atmospheric pressure, there is 
an unieaisted upward force equal to ihe atmoapheric pressure 
which sustcûns the column of water in the tube : a oolnnin will 
then be anstained about 34 feet in height. When the air is 
reduced ta one third of ita original bulfc, the height of the col- 
umn which it can sustain is w feet, and so on. If the force 
pipe terminste in a bail pierced with smal! bdes, so as to fonn • 
njtt tPeaa, the elaetic pressure of the air on the surface will j 
cause the water to epout from the holea. 

It is of great importance in the forcing pump that the piston 
should be tmly water-tight in the cylinder, and in practice thia 
)9 not alwajrs Ter; easil; accomplished- The arrangement 
represented in fig. 40. is bett^r adapted to insure the perfect 

Fig.iO. 



action of the pump thaji the form of piston alreadj represented. 
In this case a polished cylindrical métal plunget P passes 
thcongh a collar of leathers A B, which exact); fits it; anditîa 
maintained petfectly air-t^ht and water-tight by being lubri- 
cated with oïl ot tallow. Wben the plonger is raised, the space 
it déserts is replaced by the water which rises tbrough the 
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valve V; uidvhen it dNcends, the waterwhièhfilledtheBpace 
into which it advanceH is dnTen before it, through the valve V', 
into the force pip«. 

If the forcing ptunp, represeiitcd in Jig. 38., be attentively 
considered, it will be perceived that the principles où whicn 
the piston octB in its sscent and deacent are periëctly distinct. 
In jts ascent it us employed in drawiny the water from the auc- 
tion pipe into the pump barrel, and in its deecent it is eroployed 
in forcing that water from the pump barrel into the force pipe. 
Now the piston beine solid, and not furoisbed with any valve, 
there ie no reason wby ita upper surface should not be employ ' 
ed in raiaing or propelling water, aa well as the lower. While 
the lower eurfkce is employed in drawing waler from the buc- 
tioD pipe, the upper surface raigbt be emplo;ed in propelliiig 
water into tbe force pipe ; and, on the oMier band, in the de- 
scent of the piston, wben the lower surftce is employed in pro- 
pelling water into the force pipe, the upper surface might b« 
engaged in drawing water from tbe suction pipe. To accom- 
plifihthiB,it is onlynecesBary that the top of the cylinder should 
be closed, and that the piston rod shoiâd piaf through an air- 
tight coUbj, the top of the cylinder communie ating with the 
force pipe and the suction pipe, es vell as tlie bottom. 

Sucb an arrangement is represented in j^. 41. When the 

Fig. 41. 



j^Bton Bocendi, âic suction ralve F is opened, and water il 
draim into the pump burel below the piston ; and when the 
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piston descends, the suction valve F is closed, and the pressure 
i» of the piston on the water below it opens the valve C, and pro- 

pels the water into the force pipe C G. Also, while the piston 
is descending, water rises through the suction valve E into the 
barrel above the piston; and when the piston ascends, the 
water being pressed upwards keeps the valve E closed, and 
opens the valve D, and is thus propelled into the force pipe. 
By this arrangement the force pipe reoeives a continuai su^ply 
of water from the pump barrel without any intermission ; and 
I in like manne r the pump barrel reoeives an unremitting flow 

from the suction pipe. This will be distinctly seen, if it is con- 
sidêred that either of the two suction valves E or F must be 
always open. If the piston descends, the valve E is open and 
F is closed ; and if the piston ascends, the valve E is closed and 
the valve F is open: a stream, therefore, continually âows 
through the one valve or the other into the pump barrel. In 
like manner, whether the piston ascends or descends, one of 
the valves C or D must be open ; if it descends, the valve D 
is closed and C is open ; if it ascends, the valve D is open and 
C is closed. ^ 

Tht Fir€ Engine. 

(169.) The are engine is subject to a variety of différent 
forms, which ail, however, agrée in one principlë. It generally 
consists of a double forcing pump communicatins with the 
same air vessel, and instead of a force pipe a flexible leather 
hose is used, through which the water is driven by the pressure 
of the condensed air in the air vessel. A section of the ap* 
paratus is represented in Jig. 42. T is a pipe which descends 
mto the receiver, or to any vessel containing the supply of 
water. This pipe communicates with two suction valves V, 
which open into the pump barrels of two forcing pumps A B, 
in whici) solid pistons P are placed. The piston rods of thèse 
are connected with a working beam, so arranged that a number 
of différent persons may act on both sides of it. Force pipes 
proceed from the sides of the pump barrel above the valves V, 
and they communicate with an air vessel M, by means of valves 
V, which also open upwards. The pipe descends into the air 
vessel near the bottom, as already desQribed in^. 39. 'This 
pipe is connected with the flexible leathem hose £, the length 
of which is adapted to the purposes to which the machine is to 
be applied. The extremîty of tho hose may be carried in any 
direction, and may be introduced through the doors or Windows 
of buildings. By the altemate action of the pistons, water is 
drawn through the suction valve, and propelled through the 
forcing valves V, until the air in the top of the vessel M be- 



k TRKATISE ON PNEUMATICB. VHAP. ' 



comea highiy comprcBsed. This preeeure acts continuallj on 
the surface of the water in the vessel, and forces it ^roug-hthe 
leathem hose, so gs to spout irom iu extremity with a force 
dcpending partly on the de^e of condensation, and partly on 
tbe élévation of the extrenuty of the hoae above the levei o€ 
the cnf^ne, It is to be considered that the pressure of the 
■ condensed air bas, in the first instance, to support a coluroo of 
tnter, the hetght of which ia equal to the level of the end of 
the tube above the level of the water in tbe air vesael ; uid 
until the preasure of the condensed air exceeds what ia necea- 
suj for mis purpose, no water cen spout trom the end of the 
hose ; and, subsequently, the force with which it wiiU so spoat 
will be proporliona] to the exceas of the pressure of the con- 
' densed air above the weight of the colamn of watei, whose , 
height ia equal to the élévation of the end of the hoae above 
the level of the water in the air veasel.' 

7^ Si}>hon, 

(170.) The siphon is a contrivance b; which a U^quid may be 
conducted from one veaael to anpther through an intermediate 
ohannel or pipe, which rises above the nttturol level of the 

Let T>,Jig. 43., be a ciatem containing a liqnid, and let B be 
the height over which it is neceaaary to conduçt that liqnid, 

• Tts reiinuu of atoupliarie piHiun il nMhtncoiuidanil.— An. Ed 



Let A B C be s bent tube opeD et both ends, and let the leg 
B A be immened in the liqaid which it û required to tmufer, 
and let the end C be directed into the Teawl to which it ia in- 



tended to remove it. Let the air which fills the tube D B C be 
drBwn from it by the mouth applied at C, or by an exhaastingr 
syringe. The atmospheric preastue immediately taking effect 
on Uie surface D of the water in the cistem will prese the 
water into the tube A B, towards the point B ; and if the point 
B be not at a ereater bei^ht ahove the level of the cistern than 
34 feet, then Jie water will riae to the hig hest point B, and will 
flow so aa to fill the entJre tube to the mouth C. 

To comprehend the principle upon which the siphon acts, let 
us suppose the water at the point B acted upon by two pres- 
Bures, one towards C, and the other towards D. It will move 
in the one direction or in the other according as the one or the 
other pressure prevails. The atmospheric pressure acting on 
the surface D supporta the column in the siphon between the 
surface and the point B, and it presses the water at B towarda 
C with a pressure equal to the amount by which the atmos- 
pheric pressure exceeds the weightofthp column DB, which 
it eustains in the siphon. The atmospheric pressure also acts 
at the mouth C of the siphon, and is resieted by the weig'ht of 
the column C B. It exerts a pressure on Ûie water at B, 
amounting to the eiccess of the atmospheric pressure above the 
weigbt of the column C B. Tfaua it appears that the water at 
B is urged towards C by a force equal to that pressure by 
which ma atmospheric pressure exceeds the weight of the 
water in B S, and this force is resisted by a force equal to Ihat 
by which the same atmospheric pressure eïceedé the weight 
of the water in C B; New, since tbc atmospheric pressure 
exceeds the weight of the water in D B by a greater quanUty 
22 
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thâu it ezceeda tfae wei^t of the wmt«r îd B C, it fdlom dut 
B will be Qrged towsida C with K greitea fbice tban it ia tagad 
towarda D, «nd, thetefine, that it wiU move townda C It h 



évident' tli&t the esceas of the force which uigee it towarda C 
abore the force which orges it towuda D will be equal to tfae 
weicht of the coJiudh oi water C which ia contained in the 
longer leg of the siphon below the level of the water in the 
cieteiD D. 

If the leg of the siphon temunate at Tf, the forces which 
would act on the water at B would be equal, for the one would 
be the atmospheric pressure diminished bj the wei^ht of the 
water in B D, and the other would be the Btmoaphenc pressure 
diminished b^ the weight of the water in B ly ; but the weight 
of the water in BD end BD' being equal, the forces which act 
on the water at B will aleo be equal ; tberefore no water wUl 
flow ffom the siphon. If ^e leg of the siphon tenninate above 
jy, as at B, then the pressure on the water at B, the siphon 
being supposed to be filled, will he greater in the direction at 
B D than in the direction at B C, anc^ therefore, the water will 
flow back into the cistern, and the siphon will be uselesB. 

Let F G be a vessel to which the uquid ii to be transferred. 
When it rises in this vessel above the mouth C to any higher 
level, as L, then the weight of the water in the leg below L 
willbe balanced hy the pressure of the water in the vessel P G, 
and, therefore, the efficient \eg of the siphon will be B L. Thns, 
as the surface of the water rises in the vessel F G, the actual 
leg of the siphon ia shortened. When the surface L bas risen 
towards the ievel of the surface D, then the legs of the siphon 
become equal, and, by what bas been tdready stated, ita action 
must cease. 
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It thas appears that the siphon is merely an instrument used 
in decanting a liquid, bat that it does not perfonn the office of 
a piunp in niising it above the level which it held in the vessel 
from which it is drawn. 

The process of ezhausting the syiinge by suction, or other- 
wise, is frequently difficult and always mconvenient. But this 
may be avoided by presenting the legs of the siphon upwards 
in the first instance, and Eaving stopped the shorter leg with 
the hand, filling the siphon through the longer leg C B. Both 
ends of the tube being then stopped, let them be pressed down- 
wards, the shorter leg being introduced below the water in the 
cistem, and the longer leg being carried over the vessel in 
which the liquid is to be decanted. 

The process of exhaustion is sometimes fiicilitated in the 
following manner: — ^A small tube proceeds from the longer 
leg near its eztremity at D, fg. 44. The extremity A bemg 
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immersed in the liquid, and the extremity C being stopped by 
the hand, the mouth applied at the extremity E of the subsid- 
iary tube wSl exhaust the siphon and cause the water to rise 
in it 

When the siphon is constructed upon a very larffe scale this 
process is impracticable. In that case both ends of the tube A 
and C may be first plugged, and a hole beinff made at the 
hiffhest part B, the instrument may be filled wiui liquid. The 
hole through which it is filled being then plugged, and the 
extremities opened, the instrument will act A siphon of any 
magnitude may thus be constructed, and water may be carried 
over a hill, the perpendicular height of the top of the siphon 
not exceeding 2^ feet above the level of the réservoir from 
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wliich the water is to be drawn ; but it ifi obvious, also, lihat the 
basin into which it is dischwrged mast not be higher than the 
level of the receiver from which it is drawn. 

The Wurtemburg siphon has the convenience, when once 
filled, of always remaining so, the waste by evaporation only 
being supplied. This instrument is represented in ^. 45. 

1^.45. 




When not in use, it may be hung up upon a hook or nail by 
the curved part B. The ends D and E will then be presented 
upwards, the liquid being.retained in the siphon by the atmos- 
pheric pressure acting on both surfkoes at D and E. When 
the leg B C D is immersed in a vessel of liquid, the surface D 
is pressed down by the weight of the incumbent liquid, and 
also by the atmospberic. pressure acjting above that. This 
pressure is transmitted to E, where it is resisted by the atmos- 
pheric pressure only ; consequently the water wul be driven 
from E with a force équivalent to the hydrostatic pressure on 
the surface D. 
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CHAP. VII. 

THE AIR GUN, AIR BALLOON, AND DIVIN6 BELL. 

THE AIR GUir. — FIRST ATTEMPTS AT BALLOOHS,*— LAVA'S BALLOON OF 
RAREFIED AIR. — FIRE BALLOONS. — MONTGOLFIERES BALLOOIT.^— 
jriRST ASGEHT. — BALLOONS INFLATED WITH HTDROOEH. — ^PARA- 
CHCTE.^— BLANCBARD^S EXFERIMENT.— CAUSES OF THE EFFICACT 
OF THE PARACHUTE. — ^ASCENT OF OAT LUSSAC AND BIOT.-— APPEAR- 
ANCES IN THE HIGHER REGIONS OF THE ATMOSPHERE. — THE 
DIVINO BELL. 

, The Mr Gun. 

{171.) The air gun is an instrument for projecting balla or 
other missiles by uie elast^c force of condensed air. 

A strong métal bail is constructed, flimished with a small 
hole, and a valve opening inwards: in this bail air may be^ 
condensed to any degree whicbits strength is capable of 
bearing, by means of a condensing syringe screwed into tbe 
hole. 

When this condensation has been accomplished, the bail is 
detached from the syringe and screwed at the breech of a gun, 
constructed so that a trigger is capable of opening the vâve. 
The bail being placed in the barrel near the breech, and fitting 
the barrel so as to be air-tight, is exposed to the pressure of 
the condensed air the moment the valve is opened : this pres- 
sure propels it along the barrel, and continues to act upon it so 
long as the valve is opened. It is thus projected nrom^the 
gun in the same manner as that in which a bail is urged by*the 
€xpansive force of exploded gunpowder. The force of projec- 
tion obviously dépends on the degree of condensation which i» 
given \q the air in the bail. 

The stock of the gun may contain a magazine of balls, and 
be furnished with a simple mechanism by which thèse bail» 
may be transferred in succession into the barrel, so that the gun 
is easily and quickly loaded aller each discharge. 

The magazine of condensed air may receive différent shapes 
and be differently arranged ; but that which is now described is 
one of the best forms for it. ^ 

Tht Air BaUoon. 

(172.) The physical conditions under which a solid body im- 
mersed in a liquid will rise to the surface, sink to the bottom. 
22* 
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or remain stuspended, haye been fully detailod in a former part 
of tbis volame. (Hydrostatics, chap. v.) 

If a body be beavier than the quantity îof liqaid, the place of 
which it occupies, it will sink by tbat preponaerance. If it be 
equal in weight to the liquid it displaces, it will remain sus- 

Sended, aa the liquid itself wonld ; bat if it be lighter than the 
quid which is displaced, the superior weight of thé aurroond- 
ing liquid will press it upwaxds, and will cause it to aacend to 
the surface. 

Liquida being incompressible, ail their strata hâve the same 
density, or neany so ; and, oonsequently, a solid which at one 
depth is lighter than the liquid which it displaces, will also be 
lighter at every depth. Oonsequently, if a solid bas a tendeucy 
to rise towards the surface at any depth, it will continué so to 
rise until it reach the surface. If, however, the strata of liquid 
approachinff the surface had gradually decreased in density, 
then the scuid, which was lighter, bulk for bulk, than an inferior 
stratum, might be equal in weight, bulk for bulk, to a superior 
one, and heavier, bulk for bulk, than others nearer to the sur- 
face. Thus, such a body would rise at certain depths, but at 
other lesser depths it would sink ; and at the depth of a certain 
stratum it would remain suspended. 

The propert^ of liquids, which is the cause of thèse phe- 
nomena, is their power of freely transmitting pressure. This 
will be plainly perceived by referrin^ to (55.), where it is shown 
that the solid rises to the surface by the pressure of the column 
of the liquid whose base is contiguous to it, and rests on the 
same level, and which pressure la transferred to the base of the 
solid by the inferior strata of liquid. Now this property of 
transmitting pressure is common to elastic fluids, and we are, 
therefore, warranted in the inference, that a solid suspended in 
a gaseous flûid, which is lighter, bulk for bulk, than the fluid, 
will rise ; that if it be heavier, bulk for bulk, it will fàll ; and 
if it be equal in weiffht, bulk for bulk, it will remain susjpended. 
That a solid, theremre, may rise in the atmosphère with any 
given force, it is only necessary that its weight should be less 
uan the weight of the air which it displaces by the amount of 
that force. Upon this principle balloons are coustructed. 

The method of coDstructmg a balloon, which naturaÛy first 
suggests itself, is to exhaust a large chamber of the air which 
it contains, so as to render it a vacuum, or nearly so : it will then 
continue to displace the same quantity of atmosphère as befwe, 
but its weight will be diminished by tue weight of the air with- 
drawn from the chamber, and it will baye a disposition to lise 
in the atmosphère proportionate to the différence between the 
actual weight of the materials which form the chamber and the 
weight of ue air whose place it occupies. This was, accord- 
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ingl^, thé method adopted ia th« eariîest UtempU on record to 

coDstruct boUooDS. About the middle oî the aeventeenth 
centurj, a JesuituBined Francis Loua cousUructed four hollow 

S hères of copper, e«ch twenty feet in diameler, and bo thin 
U the total weifht of the copper composin^ them waa leu 
tfaan the weight of the air which thej* would diaplace. 

He proposed to bObcU thèse apherei to a boat funiiahed with 
% Bail, as repreaented in ^. 46^ b; which meana he hoped to 
tnTerw the doud*. 



The method of exhanation which Lan» posseued was inanf- 
I ficient to accompliah hia pnrpoee ; but even had it been othei^ 
' wi«e, the Umoapheric pressure acting on the extenud eurftce 
of tlù attenuated métal globes would hâve cnuhed them, and 
proved the project to be impracticable. It mav be stated geo- 
erallTi that no known solid posBeasea aufficieut stren^ to 
enable a globe, or anj' other vesael formed of it, to resiat the 
atmoapheric pressure from without, when that pressure is not 
balauced bj a correspouding pressure &om within, unleaa it be 
made of ao great a thiclineBa that ita weigbt wÛl very much 
ezceed the weight of the air which it displacea. 

To gire aufficient buoyancf to a large hollow bodf, and at 
the Mme time to aecure it irom the effect of atmoapheric pres- 
sure, it will be therefore necessarf to fiU it with some elaatic 
lluid which will, bjr ita elasticitf , balance the effect of the ex* 
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temol air, and, by iU Binnll spécifie weight, produce t degree 
of buojancj sumciect to ruse the msteiiols of irliich it îh 
constructed. In this cosp, hs the forces which act on tbe htl- 
loon are held in b atato of equilibrium, or nearly 80, no eirtraor- 
dinan degree of streneth ie required, and ttny extremely light 
and ffeTtible substance impervioua ta air or ga« may be needT 

The most obvious contrivance irhich is suggeated by thèse 
considérations is atmospheric air rarefled bj beat ; for in thia 
caae, tbc expansion produced by the beat gives the saroe degreè 
. of elasticity vith a much lees quantity of atmospheiit: air. 
To explain this, let a glass balb A be tiimisbed with a tube T, 
«bich, rieing from it to the extremity at which it is curved, 
descends into a vessel V, fg, 47^ containmg water or other 

Ffg. 47. 



liquid : tbe air is thus enclosed in tbe tube in the common state 
of the external atmosphère. Let a spirit lamp, or any other 
source of beat, be now appUed to tbe bulb at A ; the air in the 
bulb, receiving increased elaaticity fi'om the beat, will prcss the 
water towards the moutb of the tube, and, rising in bubbles, 
will escape at the sur&ce of the water. This will continue 
until the air in the tube is bighly rarefled ; stJIl, howeïcr, 
retaining a degree of elasticity sufficient to balance tl 



! pressure a 



i the surface of the water in the 



vessel, and Iransmitted by it to the surftce of the water in the 
tube. That the air in the tube is highly rarefied, may be veri- 
fted by removing the lamp from tbe bulb : as the tube cools, tha 
air will contract îtself into lia former dimensions, and the 
pressure of the atmosphère will force the liquid tbrough the 
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mouth of the tube and over the curved part iâto the bulb. It 
will be found, that in this way the bulb and tube will be filled, 
with the exception of a very small bubble of air, which will 
remain suspended at the highest point of the tube : this bubble 
will bave the same température aa the external air, and the 
8tme pressure ; and it is obvions, that this is as many times 
lighter than the air which originally filled the tube and bulb, as 
its présent magnitude is less than the whole contents of the 
bulb and tube. 

If, instdad of a glass bulb, we take a large spherical bag con- 
structed of any light substance, and having in one part a circular 
opening or hole, this bag may be distended by blowing into it 
common air. If the hole be then presented downwards^-and a 
lamp suspended beneath it, the flame of the lamp will gradually 
increase the température of the air contained in the bag : it 
will thus acquire increased elastic force, by which a part will 
be expelled at the hole under which the lamp is suspended. 
This process of raréfaction will be continued so long as the air 
contûned in the bag receives increased température irom the 
beat of the lamp ; but throughout the whole process the elastic 
force of the rarefied air will be equal to the external pressure 
of the atmosphère, and the bag will be subject to no force tend- 
ing either to burst it or to crush it 

Such a bag, if constructed of sufficient magnitude, may by 
ti^ese means be rendered lighter than the air which it «Èsplaces. 
It will thus hâve a eorresponding buoyancy, and will ascend in 
the atmosphère with a force equal to the différence between its 
own weight and the weigfat of the air which it displaces. 

The application of thèse principles forms the first successful 
attempt in aeronautics. In the year 1782, two paper-makers, 
named Montgolfier, residing at Annonai, in France, constructed 
a bag of silk, in the form o? a square box, containing about 40 
soiid feet when filled. In the bottom of this was placed an 
apertore, under which burning paper was applied : it ascended 
to nearly 100 feet in the air. The experiment was immediately 
institnted on a larger scale. A balloon, constructed of a capaci- 
ty exceeding 700 solid feet, rose in the same manner to au 
élévation of more than 600 feet A balloon in the spherical 
form, but on a scale still larger, was next constructed ; it con- 
tained 23,000 feet, and had a buoyancy capable of raising 500 
pounds. It ascended in the atmosphère to a height of about 
6000 feet. 

Hitherto the expérimenta were confined to the object of 
aseertaining the mère possibUity of ascending in the atmos- 
phère ; and, in some cases, the èffects produced on animal 
Hfe at great élévations were tried, by sending up varions ani- 
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mais coBtained 'm a basket of wicker-work suspended firom the 
balloon. 

At lengtb, in the latter end of the year 1783, a balloon was 
constnicted at Paris, with a view to transport one or more per- 
sons into the higher réglions of the atmosphère. This machine 
was composed of an elBptical bag, 74 feet in height and 48 in 
diameter. Immediately under an aperture in the bottom of the 
bag was suspended an iron grate within reach of the aeronaut, 
on wbich ^as placed the buming fîiel to maintain the raréfac- 
tion within the balloon. An ascent was made to a height of 
about 3000 feet by M. Pilatre de Rosier and the marquis d'Ar- 
landes. A fier this experiment various others succeeded in 
balloons constnicted in the same manner. 

The first projector of thèse balloons conceived that the 
machine owea its buoyancy to the gas produced by the fire, 
and which with an elastic pressure equal to the air was specif- 
ically lighter ; still the mechanical principle of the ascent was 
notmistaken. 

The step ftom fire balloons to balloons filled with gas specif- 
ieally lighter than atmospheric air, of the same pressure, was 
now easy and obvions. The ^as at présent denominated 
hydrogen was submitted to a senes of experiments, by which 
it was found that its spécifie gravi^ was only one seventh of 
that pf common atmospheric air. It was obvions, therefore, 
that a balloon filled with this gas would bave considérable 
buoyancy. Balloons were accor£ngly constructed and inflated 
with this gas, and various ascents hâve since been made, the 
particulars of which would not be suitable to the limita of tho 
présent treatise 

The density of cach stratum of air beii^g proportional to the 
pressure under which it is placed, it follows that in ascending 
m the atmoE^here the strata will bave less and less spécifie 
ffravity. A balloon, therefore, containing gas which balances 
Sie lower strata, will, if it be completely filled, hâve a tendency 
to burst when it bas ascended into the higher strata ; for the 
gas, not having room to expand, will maintain its oriffinal elastic 
force^ while the atmospheric pressure, being dimimshed in the 
ascent, will cease to balance this elastic force of the confiined 
gas. There will then be a bursting pressure équivalent to the 
excess of the atmospheric pressure of the lower strata over the 
atmospheric pressure in Uie strata to which the balloon bas 
ascended. 

Thèse effects may be provided against by imperfectly filling 
the balloon in the first instance, so that as it ascends, the gas 
which it contains will bave room to expand, aiid thus, while the 
pressure of the atmosphère is diminished, the elastic pressure 
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of tbe gas in the balloon will be diminished in.the same propor* 
tion. So long as the atmoepheric pjressure is not diminished to 
that degree which would cause the gas enclosed in the balloon 
to expand, so as to completely inilate it, no force tending to 
burst the balloon can ezist ;. but shonld the ascent be continued 
to a greater height, then a bursting pressure will be called into 
. action by the pressure of the atmosphère being diminished in a 
greater degree than the elastic force of the gas in the balloon. 
in this case the danger may be removed by the provision of a 
valve opening in some convenient part of the balloon, by which 
a part of the gas may be allowed to escape. Such a valve is 
also necessary in order to enable the aeronaut to dei^cend at 
pleasure. Without it he would be compelled to remain in the 
atmosphère as lon^ as the balloon continued to retain the gas 
with which it waa mflated ^ but provided with such a valve, he 
can allow any portion of the gas to escape, and thereby diniinish 
the magnitude of the balloon, and consequently produce a cor- 
responding decrease in its buoyancy. 

By analogy we should infer that the power of ascending at 
pleasure would be obtained by being able to supply an increased 
quantity of gajs to the balloop ; but this wotdd' not be easily 
practicable ; and, uccordingly, the power of ascending has been 
' obtained by carrying up sand-bags, or other weights called 
ballast, by throwing out which the machine is lightened, and 
caused to ascend ; or if from any accidentai cause it should be 
found to fall with dangerous precipitancy, its rate of descent 
mi^ be retarded by throwing out this ballast. 

The principal cause of danger attending aeronautical experi- 
ments arises from the accidentai escape of the gas from the 
balloon; and it has consequently been a désirable object to 
contrive means, in such cases, for rendering the fall of the 
aeronaut less liable to dangerous efifects. With this view, an 
apparatus has been contrived, called a parachnte, It is usually 
formed like a large umbrella, which spreads above the car with 
its concave side présente d downwards. The efiect of this 
acting a^ainst the air below is to break the descent, and afler 
a short time the raté of descent becomes uniform, instead of 
being, as heavy bodies generally are, accelerated. The magni- 
tude of the parachute may be such, that the rate of descent shall 
be so slow àiat no danger is to be apprehended from the con- 
cussion attending the fcdl. If, therefore, the aeronaut descend 
on land, his safe^ is insured. 

The subjects of thefirst expérimenta with the parachute were 
naturally inferior animais. M. Blanchard dropped a dog sus^ 
pended from a parachute, from the altitude of 6000 feet above 
the surface of th» earth. A whhrlwind interrupted its descent, 
and oarried it above the clouds. The aeronaut soon aller met 
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the parachute again ; tbe dog recognized it9 master, and express- 
ed his uneasiness and solicitude by barking; another ciirrent of 
air, however, carried him off, and he was lost eight of. The 
parachute with the dog descended soon aller the aeronaut in 
safety. Ten years afler this, M. Gamerin made several suc- 
cessfbl expérimenta with the parachute. He placed it half 
expanded between the balloon and the car, so as to spread like 
an umbrella above him. At the height of about 2000 feet he 
had the intrepidity to eut off tiie parachute and car from the 
balloon. He descended slowly, the parachute gradually unfold- 
ing itself, and ônally reachcd the ground in safety. The saine 
experiment was several times repeated with similar success. 
In one case he descended from the perpendicular height of 8000 
feet. 

As the balloon dérives its efficacy from the weight of the 
atmosphère, the parachute dépends on the inertia of that fluid. 
In descending, the broad concave surface of the parachute must 
drive before it the column of air extending from its surface to 
the ground ; but the circumstance on which its principal excel- 
lence dépends is, that the résistance arising from this inertia 
increases in a more rapid proportion than the velocity of 
descent A double velocity in the parachute would produce a 
fourfold résistance in the air ; a threefold velocity would pro- 
duce a ninefold résistance ; a fourfold velocity a sixteenfold 
résistance ; and so on. The law of this résistance has been 
already fully explained respecting liquids in (107.) ; and it may 
be explained in^ the case of the atmosphère in exactlythe same 
words ; but in the case of the descent of the parachute from 
great élévations, there is an obvions cause wnich makes the 
résistance increase even in a more rapid proportion than is 
indicated by this law. The increase of the résistance in the 
proportion of the square of the velocity arises from the suppo- 
sition that the resisting fluid through which the body moves 
continues to be of the same density. Now this is not the case 
with the atmospheric air through which the parachute faJls ; 
each stratum into which it enters has a density greater than 
tiiat from which it descends, and consequently, on that account 
alone, will offer a proportionally increased résistance. This 
cause, added to the former, wiU very speedily compel the para- 
chute to descend with a uniform velocity. This velocity will 
be small in the same proportion as the parachute is large, and 
as the weight of the car and its contents is small. 

As the gas by which a balloon is inflated is lighter than the 
atmosphère, the valve provided for its escape, when the aero- 
naut wishes to descend, is placed usually in the top^of the 
balloon. If it weie placed in the bottom, even although it were 
open, the gas would not escape ; at least not in any considéra- 
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U« quuititT, nor with any àegiee of certainty. The superioi 
pressnre of .the atmosphère, and the natural levity of the gaa 
itaelf, would prevent its escape ; but when the valve is placed 
in the top, the gas vill issue from it on the satne principle u & 
lighter fluid lises ia a heavier. The car which beats tlie aero- 
Daut ia uaually aupportcd by a net-work, which extenda over 
the hallooD and which ia connected with it by a number of ropea 
aod atrings, aa represented in^. 46. 

Pig.K. 



The total impracticability of guiding or governing balloons 
in their course thiough the air, has hitherto prevented them 
front being applied to any purpoae of exteDsive utility. Scien- 
tà&c men bave, on some occasions, ascended in tbc stmosphere, 
with a view of observing al great elevaCiona the effect of lem- 
peiature, pressure, electricity, and other phenomena connected 
with meteorology. In 1804, ly. Gay Lubboc and^. Biot made 
an ascent from Paris, fumished with various raeteorological 
apparatus, to a height of upwards of 13,000 feet. Soon after- 
wards, M. Gay Lussac escended alone, to a height of 33,000 
feet ahove Paris. In 1807, M, Garnerin ascended at ten o'clock 
at night trom Paria, and, rising with unusual rapidity, soon 
attained an immense élévation above the clouda. By some 
neglect, the apparatus for discharging the gas from the balloun 
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was found to be unmanagejLble, and the high degree of rare- 
faction at so great an élévation produced in the balloon such a 
tendency to burst, that the aeronaut was obliged to eut a hole 
in the siïk to allow the escape of the air. The balloon then 
descended with such rapidity, that he was obliged to counteract 
tts motion by casting out ail his ballast. The balloon thus 
continued alternately rising and sinking for nearly eight hours, 
during which he experienced the efiects of a thunder storm, by 
which he was finally dashed against the mountains. He landed 
at Mont Tonnere, at a distance of 300 miles from Paris. 
^ The efifects produced on the aeronaut by the raréfaction of 
the atmosphère at great élévations, are sensibly manifested in 
respiration ; the puise is rendered more rapid, the head unusu- 
ally swelled, and the throat parched. 

The intense cold which also necessanly accompanies rare- 
faction ' produces great inconveniences, and an irrésistible 
disposition to sleep is felt 

It bas been found also that storms and currents in the atmos- 
phère are local, and that while one stratum is thus agitated, 
other strata inferior or superiOT to it wDl be calm. By man- 
aging his ascent or descent, the aeronaut may thus transfer him- 
self from wind to stillness, from a storm to a calm, or from one 
current of wind to another in a différent direction. The veloci- 
ty with which balloons are sometimes transported through the 
air amounts to eighty miles an hour. The appearance of the 
clouds from great heights is said to resemble a plain of snow^ 
or a sea of white cotton. Those which are charged with elec- 
tricity are said to resemble the smoke of ordnance. Clouds 
containing hall or snow are often encountered, in which the car 
becomes almost filled with thèse substances. Clouds of mist 
or rain frequently drench the aeronaut When birds are allow- 
ed to escape from the balloon at a great height, they fall almost 
perpendicularly downwards, the attenuated air not having suffi- 
cient inertia to offer résistance to their wings.* 

Attempts hâve been made to render balloons useful in mili- 
tary opérations, by viewiiig from an elevated position the dispo- 
sition and movements of an hostile army. An academy, with 
this object, was actually established at Neudon, near Paris, 
during the late war, where a corps of aeronauts was tralned to 
the service. A balloon was kept constantly inflated, and 
secured to the ground by a rope, which allowed it to ascend to 
a height of about twenty-five yards. At this institution military 
balloons were prepared for tlie différent divisions of the French 
army ; and on one occasion an ascent was made by a French 
général, at the battle of Fleury, to a height of nearly 500 yards, 

* The Edinbargh Eneyelopndia, article Aeronautioa. 
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firom whiçh he reconnoitred the hostile aimies. It is said that 
the signais which wer^ made to général Jourdan on this occa- 
sion decided the fate of the engagement. The project, however, 
has long since been abandoned, not being found generally 
available. 

It has been proposed to render balloons usefiil in geographi- 
cal surveys, both as a means of raising the observer to great 
élévations, and of transmitting signais to great distances. 

The Dwing BeU, 

(173.) The spirit of inquiry which so strongly characterizes 
the human mind, and which stimulâtes man to andertakings in 
which life itself is imminently risked, has not only prompted 
him to ascend into the régions of the air, but has also carried 
him to the depths of the sea. 

The practice of diving is of very early origin, and was first 
probably adopted for the recoveir of articles of value dropped 
mto the water at smaU depths. instances are recorded of per- 
sons having acquired by practice the habit of enduring submer- 
sion for a length of time which in many cases seems astonishing, 
and in others altogether incredible. Indeed, the circumstances 
attending most of thèse narrations bear unequivocal marks of 
fiction. The gratification of a taste for the marvellous does not 
tempt us to allow a space in our pages for a description of the 
feats of the Sicilian diver, whose chest was so capacious that by 
one inspiration he could draw in sufficient air to last him a whole 
day, during which time he would sojoum at the bottom of the 
sea, and who became so inured to the water, that it was almost 
a matter of indifférence to him whether he walked on dry land 
or swam in the deep, remaining oflen for five days in the sea, 
living upon the fish which he caught ! 

Various attempts were made to assist the diver by enablin^ 
him to carry down a supply of air ; and after a long period and 

S'adual improvements, suggested by expérience, the présent 
vin^ bell was produced. 

This machine dépends for its efficacy on that quality in air 
which is common to ail matériel substances, impenetrability ; 
that is, the total exclusion of ail other bodies firom the space in 
which it is présent. The diving bell is a large vessel closed at 
the sides and at the top, but open at the bottom. It should be 
perfectty impénétrable to air and water. When such a machine, 
with its mouth downwards, ïb pressed into the water by sufficient 
weights'suspended fix>m it, the air contained in it at aie surfiice 
wilibe enclosed by the âdes, the top, and the surface of the water 
which enters the mouth of the macmne. As it descends in tiie 
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liquio, the air enclosed in it is subject to the pressure, which 
increases' in proportion to the depth, and by virtue of its elas- 
ticity will become condensed in proportion to this pressure. 
Tbus at the depth of about 34 feet, the hydrostatic pressure 
will be equal to that of the atmosphère ; and since the air at 
the surface of the water is under the atmospheric pressure, it 
will be afFected by double the pressure at the depth of 34 feet. 
It will, therefore, conformably to what was explained in (132.), 
be condensed so much as to be reduced to half its original 
dimensions. Half the capacity of the machine will, therefore, 
be filled with water, and the other half will contain ail the air 
which filled the machine at the moment of its immersion. As 
the depth is increased, the space occupied by the air in the bell 
will be proportionably diminished. 

It is well known that if an animal continue to respire in a 
space from which a fresh supply of atmospheric air is excluded, 
the air confined in the space will at length become unfit for the 
support of life. This is owing to an eSect produced upon the 
drawn into the lungs, by which when breathed it contains 
«arbonic acid, an in^edient not présent in the natural atmos- 
phère, and which is nighly destructive to animal life.* When 
4te air in which the animal is confined has been breathed for a 
length of time, this effect being repeated, the air enclosed 
,t)ecomes highly impregnated with this gas ; and if its escape be 

'not allowed, and a fîresh supply of atmospheric air admltted, the 
animal cannot live. If, therefore, a diving bell be used to ena- 

> ble persons to descend in water, it wiU be necessary either to 
raise them to the surface after that interval in which the air 
confined in the bell becomes unfit for respiration, or means must 
be adopted to send down a supply of fresh air, and to allow the 
impure air to escape. But besides this, there is another reason 
why means of sending down a supply of air are necessary. It 
has been already proved, that the hydrostatic pressure causes 
the water to fill a large part of the capacity of the machine, the 
air contained in it bemg condensed* It is necessary, therefore, 
in order to maintain sufficient room for the diver fi:«e from water, 
to supply such a quantity of air, as that in its condensed state 
it will keep the surface of the water near the mouth of the 
machine. Thus, at the depth of 34 feet, it will be necessaiy 
to supply as much air as would fill the bell in its natural state, 
At double that depth, as much more will be necessary, and 
so on. 

* There ia alwayt pretont, howerer, in erery put of the atmospboro, a Tery 
■mail and variable proportion of carbonic acid. Animal respiration greatly in- 
creaeet the qoantity of this deleterious gu in a confined portion of air, and aiso 
diminithet the qaantity of ozysen gu, that conttittient of atmospheric air o» 
which ita power of •ustaining lira dépends. — Am. £o. 
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The air necessary for thèse purposes is suppKed by one or 
more lar^e condensing syringes, constructed on the principle 
explained in (162.). Thèse syringes, or pumps, are placed above 
the surface of the water into which the bell is let down, and 
they communicate with the interior of the bell by a flexible tube 
carne d through the water and under the mouth of the bell, 
Through this tube any quantity of fresh air, which may be 
requisite for either of the purposes already mentioned, may 
be supplied. A tube furnished with a stopcock is placed in the 
top of the bell, by which the diver can let any <juantity of 
impure air escape, to make room for the fresh air w^ich is 
admitted. The impure air will rise by its levity in bubbles to 
the surfece. . . ,, 

The diving bell received its name from the shape^éfP ^y 
given to it It was constructed with a round top, incre^"^^-^^ 
magnitude towards the mouth, thus resembling the shï^J^J ^ 
bell. It is now, however, usually constructed square at \? P 
and bottom, the bottom being a little larger than the topi^ ^^^ 
the sides slightly diverging from above. The material is so' 
times cast iron, the whole machine being cast in one pi^^^t^ 
and made very thick, so that there is no danger either fri. 
leakage or fracture. In this case the weight of the machii 
itself is sufficient to sink it Diving bells, however, are al* 
sometimes constructed of close-groined wood, two planks beii 
connected together with sheet lead between them. 7e. 

In the top of the machine are placed several strong glas> 
lenses for the admission of light, such as are used in the deck. 
of vessels to illuminate the apartments below. 

The shape of the machine is generally oblong, with seats for 
the diver at the end ; shelves for tools, writing materials, or any 
other articles necessary to be carried down, are placed at the ' 
sides ; and below the seats there are boards placed across the 
machine to support the feet. Messages are communicated from 
below to above either in writing or by signais. A board is car- 
ried in the bell on which a written message may be chalked. 
This board communicates by a cord with the arm of the super- 
intendant above, who, on a signal given, draws it up, and who, 
in a similar way, is able to return an answer. 

When the bell is of cast iron, a System of signais may be 
made by very simple means ; a blow sttuck by a hammor on the 
bell produces a peculiar sound distinctly audible at the surface 
of the water, and which cannot be mistâken for any other noise. 
The number of strokes made on the bell indicate the nature of 
the message, the smaller number of strokes signifying those 
messages most frequently necessary. Thus, a single stroke 
caJls for a supply of fresh air ; two strokes command the bell to 
stand still ; tluree express a désire to be drawn up ; four to be 
23* 
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loweredy and higher numbers express motion'in différent direc- 
tions. Of course this System (h sisals is arbitrary, and liable 
to be varied in différent places. 

The bell is usually suspended fîrom a crâne, which is placed 
above the surface of the water ; and in order to move it, this 
crâne is placed on a railway, by which it is enabled to traverse 
a certain space in one direction. The carriage which traverses 
this railway supports another railway in directions at right 
angles to it, on which the crâne is supported. By thèse means 
two motions may be given to the crâne, the extent of which 
may be determined by the length of the railway, and the bell 
may be brought to any part of the bottom which is perpendicu- 
larly below the parâllelogram formed by the length of the 
railway. 
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AdnltentioD of milk : of ■fririti, pan 

Air, iti eolor, 175; hu weicht, 176; 

the effecto of iti inertU, 177 j prooft 

of iti mAteriality ; impénétrable, 178; 

ita elutieity ; iti elaatieity explained, 

loi* 
Air-pamp. 993; expérimenta witb, 999. 
Air-Teaael of forcinf-pnmpe, 948. 
Air-belloon, 957. 
Air-gun, 957. 
Alloyi, 193. 

Amason, river, ita diaappearanoe, 48. 
Animais, birda. and fianea, their abape 

explained, 147. 
Archimedra. bia experiment on Hiero'a 

crown, 196 ; bia aerew, 157. 
Ariatotle, bia knowledge of tbe weigbt 

of air, 190. 
Arlandea, Maniuia de, bia aseent in a 

balloon, 969. 
Atmoapbere, ita probable limita, 189. 
Atmoapberic air, ita propertiea, 174 

ita elaatieity equal to ita weigbt, 187 

ita beigbt, 905; iU preasnre, 905, 

preaanre burata a bJadder, 999 : effoeta 

in tbe bicber atrata obaerved in bal- 

loona,966. 

B. 

Balance, bydroetatie, 116. 

BaIJaat, ita effeet in abips, 99. 

Balleock expJainod, 77. 

Balloona, air, 957 ; formed of air rare- 
fied by beat, 960 ; Montgolfier'a, 961 ; 
Pil&tre de Rozier'a aacent; Marqaia 
de Arlandea'a aacent: firat inflated 
witb bydrogen, 969 ; Blanebard'a aa- 
cent, S»3 : aacenta of Gay-Loasao, 
Biot, and Garnerin, 965; tbeir militarr 
nae, 966. 

Barkor>a mill, 156. 

Barometer diacoTered by Torricelli, 190. 
i^plied to tbe meaanrement of beirhta 
bjr Paacal, 191 ; conatmction of, ISS ; 
diafcmal, 197 ; wbeel, 198 ; ita naea ; a 
weatberglaaa,90] ; meaanring beigbta 
bv, 903. 

Bellowa, bydroatatic, 19 ; domeatio Ibrge , 

SbvC5. 

Birdeage Ibantain, 911. 

Birda ; tbeir fligbt dépends on air, 178. 



Blanebard, bia aseent in a balloon, S63« 
Boiling water, tbe prooeas of, 86. 
Bramui, bia preas, 10. 
Breatbinf aeeounted finr, 907. 
Buoyaney explained, 74. 

C. 

Camel for lifting Tossels OTer sboals, 

78. 
Campbell, bis experiment on a bottio 

snnk in tbe sea, 34. 
Canals. eonstmction %f, 49 : loeka of, 

49: tneir defeet aa meana ortransport. 

Cataracte, tbeir beigbts, 47. 

Cbain pnmp, 165. 

Citiea, metbod of aniq>]ying tbem with 

water, 37. 51. 
Cloeks, ornemental foontain, 46. 
Colorofairj 174. 
CompresaibiUir, 179. 
Condenaer, 937. 
Condenaing ayringe, S134. 
Contrivanee t6 prevent foimdering, 76. 
Cream floata on milk, 84. 
Cupping, 933. 

D. 

Dectot, bia bydreolea, 90. 
Denaity, 109. ^ 

De Pareieax*a bydrometer, 15B. 
Diagonal barometer, 197. 
Diaeovery of atmoapberic preaanre, its 
bistory,188. ^ . ., 

Diver, effeet npon, at great deptbs. 95. 
Diving beU, 967. 
Double forcing pomp, 950. 

E. 

Elasticity of air, 170 ; t>roporUonal to 
ita denaity, 188; of atmoapbere eqoal 
to ita weigbt, 187 ; of air burato a 
bladder, âw. 

Engine, fire, SSl. 

Exbauating ayringe, 915. 

P. 

Pire engine, 951. . j j w 

Fiab, tbeir power of namg and.ainking, 

Fliea, tbeir power of walkkig on eeil- 
inga, 907. 
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Floating bodiet, their position j; equilib- 

rium off 91 ; on water explained, 79 ; 

bodios ezplained, 71. 
Forcing pomp, S46 ; double, S50. 
Fountama, natural ones explained, 47 : 

for birdcages, 211. 
Fruit dried or shrivelled, experimentg 

on witli air-pump, 238. 

G. 

Galileo rejects the ancient doctrine of a 

yacuum, 190. 
Gamerin, his ascent in a balloon, 265. 
Gaa-holders, 212. ' 
Gasometers, 213. 
Gauge of air-pump, 224. 
Gay J^ttsaac, his ascent in a foalloon, 

265. 
Governor sluice, 168. 
Guinea and feather experiment, 232. 
Gan, air, 857. 

H. 

Heat, itfl effects, 171. 

Heating bouses^ metbod of, 87. 

Hyaraulics, 130. 

Hydrogen firat UBed for balloons, 262. 

Hydrometer, 8ike«»«, 120} NicholBon*8, 

121i.DeParcieux»«, 122. 
Hydrostatic piéss, 10 ; beHovu, 12. 

I. 

Ice liffhter than water, 8B. 

Jeta d'eau, 249. - 

Immersion of aelids in liquida, 58. 

ImpefletralMHty of air pioved experi- 

mentally, 179. 
Tnertia of air, its effects, 177. 
Ink bottles to prevent ink evaporatine. 

210. * 

K. 

Kettle, IcM-m of it« spout, 41 : effect in 
boiling, 209. 



L. 

Lana, Francis, his balloon, 259. 

Levelj its exact meaning, 52. 

Leveling, instruments for, 54. 

Life preservers, 79. 

Lifting, pu mp, 238. 

Limits, probable ones of atmosphère. 
182. - * 

Liquids machines, 8; experiment to 
prove their compression, 35; main- 
tain their leTe],37; their surface level, 
4Q i résistance of, 143. 

Liquors, eifervescing, 214. 

Locks of canals, 49. 

M. 

Machines, hydraulic, 150 j for raising 

water, 2oo. 
Magdeburg hémisphères, 231. 

j 



Matter, its mechanical forma, 1. 
Mercux^, why used in barometer, 197 ; 

metfaodofpurifyingit, 195. 
Mill, Barker»8, 156. 
Montgolfier, his balloon, 261. 

Nature abhors a vacnum, 189. 
Nicholson's hydrometer, 121. 

O. 
Oil floats on water, 83. 
Oronoko, river, its disappearance, 48. 

P. 

Parachute, 263. 

Paradox, hydrostatic, 8. 

Pascal, his vérification of Torricelli'a 

discovery of the effecta of atmoapheric 

pressure, 191. 
Pénétration of dimensions, 127. 
Pilfttre de Rozier aacenda ia a balloon, 

Pneumatica, 169. 

Pneumatic trough, 212. 

Preasure of liquida, 3 ; hydrostatic, ex- 
amplea of, in animal economy, 16: 
proportional to the depth, 17 ; equal 
in ail directions, 21 ; on the sidea of a 
veaaél, 23 j on embankmenta, 26; 
greater than the weight which pro- 
duces it, 27; independentofthe^hape 
of the vessel,29. 

Proof, spirit, 84. 

Pumps. their theory discovered by Tor- 
ricelli, 191; water cannot rise in, 
without atmospheric pressure, 290: 
lifting, 238; without friction, 840; 
suction, 241; forcing, 246; double 
forcing, S250. 

R. 

Saiiroads, their advantages, 149. 

Raréfaction of air, 214. 

Régulation of mill-work by governor. 

Résistance of air, its efiects, 177. 

Respiration rightly accounted for by an 
ancient writer, 190. 

fiivers, their origin and course explain- 
ed, 46; their disappearance explained, 
48 ; eddies of, 149 ; flowing throu^h 
a lake, 138. ® 

Rocks split by the pressure of liquids, 
36. 



S. 

Scale of barometer, 194. 

Screw of Archimedes, 157. 

Ships, their form explained, 76; why 

they lean sidewards, lOlv 
Sikes's Hydrometer, 120. 
Siphon gauge, 225 ; Wurtemberg, 256. 
Sky, its color accounted for, 174. 
Sluice, governor, 1^.. 
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Solids measured by immeraion, 59. 
Sound ean only be produced in air, 334. 
Spécifie gravity. Im ; methods of find- 

inff it, 115; or a mixture, 1528. 
Spirit level, 56. ^ 

Spnuting fluids, velocity of^ 131. 
Springs explained ; tubmanne onef ez- 

ploined, 47. 
Steam-boata, use of movable weighU 

on deck, 101. 
Suction, ancient theory of, wrong, 189. 
Suction pnmp, 341. 
Syringe; exhauiting, 315 ; cpndensing, 

334. 

T. 

Tea-pot, form oi ita spout, 41 j why a 

hofe in the lid of, 309. 
Tequendama, cataract of, 47. 
Torricelli accounts ror the élévation of 

water in pumpa; diacoven the ba- 

rometer, 190. " 

Toys, philosophical ones, 88. 

V. 

Tacuom, ancient doctrine rospecting, 
189. 



Vapor^ 173. 

Vaporization, 173. 

Vena contracta, 136. 

T^nt-peg, 309. 

Yemier applied to barometer, 300. 

W. 

Walking on .water, 99. 

Water apparently oonverted into wine, 

85; how obtained pure, 105; wheel, 

oVershot, 151 , undershot, 154 ; breast, 

155. 
Waves, optical déception of, 43 ; causes 

of this appearance, 44. 
Woather-glass, common ruies absurd, 

303 ; correct ruIes of it, 303. 
Weight lost by immersion, 63 ; of air, 

176 ; of atmosphère equal to its elas- 

ficity, 187. 
Wells of water explained, 47. 
Wheel barometer, 198. 
Wind arises from the inertia of air, 178 ; 

its effects^ 179. 
Wine,guggling noise in deeanting,31d ; 

error in the common method of eool- 

ing, 88. 
Wurtemberg siphon, 356. 
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THE NOVUM ORGANON. 



THE SECOND, AND CONCLUDING PART. 



^ 



HOMOiNATDIlfi MINISTEB £T INTERPRES, TAMTDM FACIT ET INTELUGIT QUANTUM 
DE NATUUE OBDINE RE VEL MENTE OBSERVATERrr: NEC AMPLIUS 8CIT, AUT 
POTEST. yoik Or%. 

We now proceed to give to our readers a view of the 
remaining part of the Jyovum Orçanum, as contained in 
the Second Book. Lord Bacon's ofesign hère is — ^to unfold 
his plan more particularly ; and to convey some idea of 
the actual opération of that method of studying nature 
which he haa the discemment to perceive was so absolute- 
\y essential to the advancement of ail real science ; and 
which he had the independence of mind tP lay before the 
world, at a time when philosophers were generâlly devoted 
to hypothèses and fancies, and seemed but ill disposed to an 
humble and laborious search after truth for its own sake, or 
to ^ve encouragement to any one who should aspire to 
this arduous and honorable course. 

We shall, as before, give the analysis of Bacon's 
doctrines, with such- remarks and additional illustrations as 
may tend to throw light upon them. We are aware, in- 
deed, that this part of his philosophical works has been 
regarded, and not unjusdy, as somewhat labored and 
obscure ; but surely we must not forget the disadvantages 
under whixîh he wrote ; nor the wonderful révolution in 
science which he was the first instrument in efiectîng. It 
is certain^ indeed, that, at the time when he flourished, the 

1 
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spirit of rational inquiry was not utterly unknown. In some 
few minds there was âlready a rising tendency to throw off 
the yoke of ancient Systems, and some few instances were 
not wantîng of the successful use of experiment ; but no 
one had hitherto had the boidness and the genîus at opce 
to make a formai attack on the gênerai order of thbgs as 
thoy exîsted in science, and to frame the grand and univer- 
sal outline of another and a better plan. It was reserved 
for Bacon to proclaim aloud to the ear of Science, that 
she could only hope to be regenerated by first sacrificing 
herself on the altar of Truth ; and that if ever she took an 
upward flight, she must pass a fiery ordeal, and rise like a 
phœnix from her own ashes. * 

Bacon, in this respect, stood alone ; and if his JVeto 
Machine of the Sciences appear, on more minute exami- 
nation, to be somewhat cumbrous and defective, it was still 
a mighty effort to hâve devised such an instrument at ail. 
If the genîus of the new philosophy first issued fi-om the 
thick darkness of the middle âges, wearing the garb and 
speaking the cramp language of the schools, this was 
perhaps an unavoidable conséquence attaching ta the period 
of its birth. The enlightened style of philosophy which 
now prevails, is certainly nothing more than the spirit of 
what Bacon taught, freed from ail needless technicalities 
and incumbrances ; and exercising, to the best advantage, 
its own proper énergies. If Bacon did not perfectly exem- 
plify his own rules of philosophizîng, and if we sometimes 
see, as is certainly the case, the remains of ancient error in 
his conclusions, we should remember that he kindled the 
broader light we now act in, and which makes us discem 
clearly the imperfections of liis own method. It is he who 
has enabled us to consider, as ordinary and manifest truths, 
propositions utterly denied to his predecessors ; and to' 
complain of things as obscure, which to hîm were new, and 
were seen across the settled and distorting mist of error, 
and to us are clear only through the purer médium of his 
philosophy. 

The second book of the J^ovum Organon may be divid- 
ed into three parts ; which comprise Aphorisms, or re- 
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marks on what is termed the Discovery of Fortns; Tables 

in illustration of this discovery ; and the Doctrine of lnr> 
stances. 



Section I. Ofthe Discovery ofFomts, or CatLses, in JVcUure. 

After the primairy object of ascertainingyôctf, or collect- 
ing^^e history of nature with regard to any subject of 
inq% ^, bas been efifected, the next aim proposed is, by 
comparing thèse difièrent facts, to produce certain changes 
in matter ; and to discover the ultimate causes on which its 
qualities dépend. '^ The object and aim of human power," 
says Bacon, '^ is to produce a new nature, or natures on a 
given body ; and the object and aim of human knowledge 
is to discover the form of a given nature ; that is, its real 
différence ; the nature which makes it what it is (naturam 
rwturantem), or the source whence it flows." 

The scholastic word form hère employed is borrowed 
from the Piatonists, though with a meaning di&rent from 
theirs. Plato and his followers adopted the notions before 
held by the Pythagoreans with respect to f orras, ideas, and 
essences ; and regarded the various configurations, or shapes 
of matter, as nothing more than copies of their essences, or 
ideas, as existing in the divine mind. Thus, for example, 
since the squares or circles actually drawn by the mathe- 
matician are never absolutely accurate, they supposed that 
their true archétypes or patiems are to be found subsisting 
by themselves in tiie mind of the Deity. Now Plato, and 
his school, maintained that this perfect inteUectual world 
was discoverable by contemplation ; and that while the 
visible création is the object of sensé, thèse ideas, or es- 
sences, — ^the forms of things abstracted from matter,-— are 
the proper objects of science. Bacon, in his work on the 
Advancement of Leaming, while he pays the tribute of 
praise due to Plato's genius, condemns — as well he might — 
his mystical philosophy ; and intimâtes that the forms which 
he himself proposes to discover are to be found in matter, 
and not otU of it. In another passage in the «AToimm OrgOr 
non, he expressly defines what he means hy forms, in the 



4 ACCOUKT OF LORD BACON's 

foUowing manner : — ^^ When we speak o(farms, we under- 
stand nothing more thao those laws and modes of action 
which regulate and constitute any simple nature, such as 
beat, light, weight, in ail kinds of matter susceptible of 
tbem ; so tbat the form of beat, or tbe form of ligbt, and 
tbe law of beat, or tbe law of ligbt, are tbe same thing ; 
nor do we ever lose sigbt of practice, and tbings as tbej 
are." 

" Tbe form of any nature" is, in anotber place, defined 
to be " sucb, tbat wbere it is, tbe given nature must infalli- 
bly be. Tbe form is perpetually présent wben tbat nature 
is présent; ascertaios it universally, and accompanies it 
everywbere. Again, tbis form is sucb, tbat wben removed, 
tbe given nature infallibly vanisbes : tberefore tbe form is 
perpetually wanting wbere tbat nature is wanting; and 
tbus confirms its présence or absence, and cornes and goes 
witb tbat nature alone." 

In tbe language of Bacon, tben, tbe form of any sub- 
stance is its essential nature — ^tbe form of any quality is 
tbat wbicb constitutes tbat quality. Tbus, if tbe subject 
of investigation were the quality of transparency in any 
substance, tbe form of it is sometbing of sucn a nature tbat, 
wberever it is présent, tbere is transparency ; and wberever 
tbere is transparency, tbat wbicb is bere scbolastically 
termed tbe form, is likewise présent. Tbe form, be says, 
is tbe same tbing, as regards our knowledge, witb the catLse ; 
not limiting tbe meaning of tbis word to tbe antécédents or 
àrcum^tances wbicb immedîately produce a succession of 
events or changes in matter, but including also tbe source 
from wbence permanent qualities in body are derived. In 
short, tbe discovery of formas may be regarded as signifying 
tbe diiscôvery of the laws of nature in gênerai. 

It may serve to facilitate our appréhension of Bacon's 
ideas, if we carry along witb us the remark, wbicb bas not 
improperly been made, even by bis greatest admirers— 4bat 
be appears, from tbe language be sometimes employs witb 
regard to forms, to bave placed the ultimate aim of philoso- 
phy beyond what it is, m ail probability, given to man to 
reacb, however rigidly be may employ bis faculties, accord- 
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iii^ to the method hère recommended. He seems to tliink 
that a knowledge of the ultimate essences of the qualities, and 
powers, or properties of matter, lie'open to human scrutîny ; 
that we can discover, for îiistance, whereîn consists the 
essence or Tiatureoï transpcurency ; oîcold; of heat ; of 
cohr, Upwards of two centuries, howçver, hâve rolled 
away under the auspices of Bacon's System ; and no one 
would as yet affirm that we hâve actually arrived at the 
houndary of^nature, so as to hâve discovered the essence 
of matter itself, or of any one of ils vsoious modifications. 
We are still ignoraint, strictly speaking, of the causes of the 
varions opérations of nature, after âges of laborious and 
scientific investigation ; nor will the philosopher profess to 
hâve ascertained, with regard to any one séries of thèse 
causes, or successive events and changes, that he has, 
beyond ail possibility of doubt, at length arrived at the 
beginning of the séries ; that he has laid his finger on tlie 
ultimate link in the whole chain which is held by the ha^d 
of Omnipotence ; and that he has traced the identical point 
at which thèse second causes merge, and are lost in the 
secret agency of the great First Cause of ail ; if, indeed, it 
be not more proper to consider ail second causes as nothing 
more than so raany constant actions of the Deity, regulated 
by his own laws. — ^In the case of heat^ for instance, — by 
conducting inquiries in the spirit of the inductive method, 
raany of tihe effects and properties of this powerful agent 
hâve been discovered ; but its form^ to use Bacon's lan- 
guage, or, in other words, what hecU is^ has not been 
ascertained. Perhaps a complète knowledge of its essence 
might, even if it could be known, conduce less to practical 
uses, than we may be ready to imagine: certain it is, 
however, that the question still remains undetermined, 
whether heat be a subtile fluid, and therefore of a material 
nature ; or, as Bacon himself supposed, nothkig more than 
a certain motion among the particles of bodies« 

The same remark is applicable to the other great agents 
in nature, as gravity, electricity, Itgkt^ magnetism^ elasticity, 
Perhaps our notion of gravity is as simple as any, since its 
one property is the law of its decrease with the square of 

f 
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the distance ; but whether this and the rest bave, or bave 
not, any second causes beyond tbemselves, none présumes 
to say. While it would be unphilosophical to assert that 
more can never be known of thèse agents than what is 
already asccrtained, it raay be observed that, even should 
B^con's aims, as to the discoveiy of forms, always prove to 
bave been too high for mortals to fuifil, this is no disparage- 
ment whatever to bis method, which still remains applica- 
ble to the investigation of causes, to the uttermost limits that 
can be reached by the persévérance and ingenuity of man. 

" To the discovery of forms," proceeds Bacon, " belongs 
that of the latent process (latens processus) ; continued 
from the manifest producing cause of changes in bodies, 
and what is obvious to the sensés, up to the giving of the 
form itself," that is, the ultimate law of nature in the par- 
ticular case ; or, at least, what appears to be that law : 
" there also," he adds, " belongs to it the discovery of the 
secret structure (jatens schematismus) of bodies that are 
quiescent, and exhibit no motion. The latent process we 
speak of does not hère mean certain visible measures, or 
signs, or steps of procédure in bodies, but a perfect contin- 
ued process, the greatest part of which escapes the sensé. 
Thus, for example, in every génération and transformation 
of bodies, it cornes to be inquired, what is lost, or Aies off; 
what sta3rs behind ; what is added ; what dilated ; what 
contracted ; what united ; what separated ; what continued ; 
what eut ofF; what irapels ; what obstructs ; what prevails ; 
what yields, etc. : nor are thèse things only to be sought in 
the génération, or transformation of bodies ; but, aiter the 
satne manner, it comes to be inquired in ail other altérations 
and motions, what précèdes ; what succeeds ; what is quick ; 
what slow ; what gives motion ; what govems it ; and the 
like. But ail thèse things remain unknown and untouched 
in the sciences, which are at présent formed in a very gross 
and perfecdy inadéquate manner." 

This latent process, undoubtedly a grand object of 
philosophical inquiry, to the fartbest verge of human power, 
is, therefore, in modem language, the invisiWe and secret 
progress by which sensible changes are produced ; and 
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I 

involves what bas been termed tbe law ofcantinuity ; that- 
is, the law by which quantities wUch diange their bulk, 
or their places, do so, DOt abrupdj, as in many caâes may 
seem to us, bat by passing throogh att the intermediate 
magnitudes, or distances, till the. change be conqrieted. In 
other words, ail changes, however smail, must be eâbcted 
m time. We see this in innumerable opérations of nature, 
such as the pUmtary movem&nts ; the phenom^ia of 
accderaied veïoeity in laMing bodies ;. thé motion cf light, 
shown by the éclipses of Jup^r - s satellites ; in the progress 
of disease, m which there is a change of the structure of 
the parts. The late Professor Plajrfair remarks on th» 
subject, " to know the relation between the time and the 
change elSTected, would be to hâve a perfect knowledge of 
the latent process :" the meanîng, of course, is, if we could 
know ail the mimitest changes ; for we may know, by 
expérience, how much time it may take to efiect a given 
change on matter, without knowing what intermêdicUe 
changes may hâve led tothe given one. In explanation 
of Bacon's doctrine, Mr. Playfair adds, " in the firing of a 
cannon, for example, the succession of events durtng the 
short interval between the application of the match, and the 
explosion of the bail, constitutes a latent {vocess of a very 
remarkable and compUcated nature, which, however, we 
can now trace with some degree of accuracy. In mecban- 
ical opérations we can often follow this process more 
completely. When motion is communicated from any 
body to another, it is distributed throUgh ail the parts of 
that other, by a law quite beyond tbe reach of sensé to 
perceive dîrectly, but y et subiect to bvestigation, and de* 
termîned by a principle which, though late in being 
discovered; is now perfecdy recognized. Tbe applications 
of this mechanical principle are perhaps the instances in 
which a latent, and indeed a very recôndite process bas 
been raost completely analyzed." The allusion hère is to 
the laws which regulate percusnoii^ coUisian, and the 
communication of motion in bodies. 

What Bacon terms the latent schemutism, or structure 
of bodies, îs that unseen shape and arrangement of their 



10 ACCOUNT OF LOBD BACON's 

likewise other motkms and worles of imture : for example^ 
— whea inquiry is made into the whole séries and conticH 
ued actions of nutrition, from the ficst receivmg of the ali- 
ment to a perfeet assimilatkm ; or, after the same jnantter, 
into the votuntary motions of animais, from the fitst impes* 
sion of the imagination, and the continued efhet& (A the 
spirit, down to the bending andmoiring.of the lin^; oc, 
afi;ain, in explaining the motion of the tongae, lips, and 
other or^ns, up to the fonnation of articulate souads. For 
thèse thmgs, aiso, hâve regard to concrète natures;, or na* 
tures associate and organical.-— And where mankindfaas 
no power of operatkig, but ortlj of contempkiting, y et the 
inquiry of the fact, or truth of the tfaing, belongs, ik> less 
than the knowledge of causes and relatbns, to the primary 
and universal axioms of simple natures : suppose, for exam- 
ple, the inquiry about the nature of spontaneous rotation, 
attraction, and many other natures ; which are more com-^ 
mon and fsuniliar to us than the cclestial bodies themselves; 
And let no one expect to détermine the question whether 
the diurnal motion belongs to the hèavens, or to thie earth^ 
uniess he first understand the nature of spontaneous rotation." 
The above passages, while they fumish an example of 
that acuteness and compréhension whbh so émÎBently dis« 
tinguished their author, are not free from indications of his 
propensily to expect too much from human ingenuity, and 
to place the évidence of truth, in some re^ects, too high. 
His remark, for instance, with regard to the " nature of 
spontaneous rotation^^ whatever idea he attached to it, as 
belonging to the celestiàl motions, may account, in some 
raeasure, for hîs préjudice against the doctrine of Copernic 
eus, which attributed the diurnal motion to the earth, and 
not to the heavens ; and which had been published to the 
world many vears before Bacon flourished. Indeed, a 
proneness to form boundless expectaticms as to what human 
power might effect, and, in the very infanc^ of practical 
science, to look for achievements higher than we can, even 
in its more advanced âge, venture to hope for, is one of ' 
the most remarkable features in the elevated and daring 
genius of this great man. 
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FiHther, to explûn hîs irtcw» wîth regard to the mquir)r 
imo the huent structure o[ bodies, .he points ôut what he 
cbneeived to be sohie of the proper objecta od which this 
imimte investigation may be msdtuted, as iron and stone ; 
the root, leaves, and nowers of pknts; the flesh, bloodl 
and bones ôf animais; IMstSUttiotij and odier metbods or 
sepiffaition, are instaitt^es, as cdlectmg togetber the diâferent 
homc^eneckis cnr sîmDai* particlcs of the same body. He 
hère, hotrever, aeutely eauisons thé cheihists of his day 
against supposing that ail the natures (qualities) which maj 
be exhibited in the séparation of the parts of any substance, 
must bave existed in uie compound ; new natures (proper^ 
ties) being often superindùced by beat, or some other 
method of' resolying bodîes 5 ** for this structture," Se ob- 
serves, " is a tbîi^g of great dëlicacy and subtilty, and may 
be rather confounded, than discovered and brought to fight, 
by the opérations of fire/' He adds, in his usual sèrious 
and imaginative style : *^ Bodies, tfaerefbre, are to be sep- 
arated, not (mereiy) by fire, but by reason, and genuine 
induction ; with the assistance of experiments ; for we must 
go over from Vulcan to Mînerva, if we would bring to Bght 
the rêal textures and structures of bodies.** 

On the sanguine expectations and ]ofly ainis which Lord 
Bacon indulged, with regard to what human industry and 
persévérance might effect, he proposes to found what he 
terms the "just division of phîlosophy, and the sciences,** 
into metaphysics and pkysics. ** The inquiry of formsy* he 
says, ''which, from the reàson of the thing itsdi, and their 
own law, are etemal and immutable, may make metaphys- 
tes ; and the inquiry into the efficiéht cause, the matter, 
the latent prùcess, and the latent structure^ may cônstitute 
physics^ since thèse several (latter) particulars regard thé 
ord^ary course, and not the fondamental and etemal laws 
of nature." Certain it is, that however just such' a gênerai 
division of ail human knowledge might be in Bacon*s sensé 
of it, could we realize his ideas.and aims as to ihe discovery 
ofjhrmsj no progress bas, as yet, been made towards the 
hopeiul attainment of such a System of metaphysics ; and 
probably the more secret opérations of nature may for ever 
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romain so shxouded firom hunaair pénétration, as to render 
it impossible to say, in any one instance, that we bave reacbed 
the goal, ascertained the veryfirst in tbe séries of second 
causes, and drawn tbe exact line between the subordindte 
opérations of matter, and tbe immédiate agency of tbe In- 
finité Spirit. — Tbe following passages, on tbe " rcdsing of 
dxwiMy or principles from eouperienceaf^ ^xè introductory to 
the tables in wbicb Bacon bas exemplined his own method 
of induction, in an inquiiy into tbe ^^ibrm" ofheat; or, in 
wbat beat consists. 

" The raising of axioms from expérience is divided into 
tbree kinds of adn^inistrations or belps ; 1. for the sensé; 
2. for tbe memory ; and 3. for the reason." 

(1.) ^^ Therefore, a just and^adequate natural and expéri- 
mental bistoiy is to be procured, as tbe foundadon of the 
whole' thing ; fo^ we are not to fancy or imagine, but to 
discover wbat are the works and laws of nature." 

(2.) " Such bistory miist be digested and ranged in 
proper order ; therefore tables and subservient chains of 
mstances are to be formed in such manner, that tbe under- 
standing may commodiously work upon them." 

(3.) '' Ând thougb this were donc, yet tlie uhderstaâdmg, 
ieft to itself, and its own spontaneous motion, is unequal 
to the work, and unfit tô take upon it the raising of axioms, 
imless it be first regulated, strengthened, and guarded; 
dierefore, in the third place, genuine and real induction 
must be used as the key of interprétation." 

" The inquiry oî forms proceeds in this manner. First, 
ail tbe known instances, agreeing in tbe same nature, 
thougb in the mpst dissimilar subjects, are to be brought 
together, and placed before the understanding. Ând Uiis 
collection is to be made htstorically, wîthout any overbasty 
indulgence of spéculation, or any great subtUty, for the 
présent. We will illustrate the thing by an example in the 
mquiry into the form of beat." 
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Section II. Of the Tables eiven in Illustration of the 

Inductive Méthode 

The materials ftom whîch Lord Bacon desîgded that 
tcAles of this kind should be composed, for tbe future 
advancement of science, were such as he himself bas 
sketcbed out in bis book entitled, after tbe quaint fasbion 
of tbe time, SyUva Sylvarum, or " A Naf ural History ; in 
Ten Centuries :" eacb of tbe ten sections into wbicb it is 
4ivided containing one bundred facts and experiments, 

' relating to a great variety of subjects ; tbe term naturai 
history being bere used in a very extensive sensé, to signify 
a record of observations on nature in gênerai. 

Such a history of facts as tbat '#oni wbicb tables sbould 
be drawn, was to contain an accôunt of the subject under 
examination, in ail the varieties and modifications of wbicb 
tbe appearances belonging to it were susceptible. Not 
only were those facts in nature to be included in it, wbich 
oflfer tbemselves at once, and of their oWh accord, to tbe 
sensés, but aiso ail those experiments wbicb might be instt- 
tuted for tbe discovery of new facts relating to the same 
inquiry. Thèse facts and experiments were to be ascer- 
tained with tbe greatest care ; faithfully and simply stated, 

' without mixing up any theory with the narration of them ; 
and distinctly arranged. If any tbîng rested on doubtfui 
évidence, this was hot to be altogetber excluded from the 
history of tbe subject, but to be noted down as uncertain, 
together with tbe reasons for so regarding it ; and it was 
not to be employed as évidence in tbe discovery of forms^ 
or ukimate causes, till rendered more probable by other 
Ikcts, on wbicb there rested notbing doubtfiil. In short, 
this history of nature was to be, as much as possible, a 
copy of nature berself, both as regarded obvions facts and 
actual experinients ; for, in experiments^ as Bacon observes, 
'* man does notbkig more than bring things nearer to one 
another, or carry them farther off ; tbe rest îs performed 
by nature." This remark bas its exemplification in such 
opérations as the firing' of a pistol, tbe discharge of ari 

2 
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electrical jar, and in ail the experiraents of chemistry, m 
which the art of man dœs no more than commence the 
process by applying the spark to the gunpowder, or by 
causing the connection between the inside and outside of 
^e jar tp be produçed, or liie electric circle to be ço^iplet- 
ed ; or by bringing the diemical «gents into opmpct wjtb 
çach pther,: thé rest is done by nature berself. 

It must be acknowledged that a aqgle glance ioto th^ 
Syha Syharum will convince the reader that it is far from 
answering to the standard w^iich its greajt autbor sets up for 
regulatme the collection .<^ the materials of scientifîc ii>- 
quiry. fn his '^Experiment Solitary touchiog the oom- 
mixture of flame and air^ and tbe g^eat force (^ereo//' jbe 
says, ''As for living créatures, it isoertsiin their vital tpirit^ 
are a substance compounded of sn airy and âamy matter. 
It is no marvel that a smaQ quantity o( spirits in the oelk 
of the brain, and canals of the sinews^ snould \^ able to 
move the whole body, which is of so great ma$» ; sucb îs 
the force of thèse two natures, <8dr and flame, when tbey 
inoorporate." It is unnecessary tp addupe other spécimens, 
many of which are to be found, as fmiçiful in matt^, as 
vague in statement, and as gratuitous in évidence; in a 
Word, exhibitlng as complète a departure iirom the severity 
of the inductive method. Yet, amidst this bdigêsted mas9 
of faets and âincies, it is impossible not to disceip the un-' 
wearied diligence, the acuteness, the bo^ndless curiosity, 
and ksatiable appetite fw knowledge, which Ba^n p<xs- 
sessed. It is inieresting to see the énerves of such a 
mind grapplring widi the difficulties which inevitably sur- 
rounded it; eager fpr liberty, beneatb the sheckles that 
cramped ils exertions ; panting ibr the pure air <^ truth, 
amidst those oppressive mists cf erxior which beset it on ail 
sides ; and more readily taking up with error, bota its very 
impatience for truth. Bacon's faulta as a practical naturà 
fdiilosopher, the occasiooal credulity and love çf theory 
which ne manifests, aie pnly the more renStfMrkable iirom his 
having «o admirably descanted. on those very errors by 
way of spéculation* Tq free himself from the actual ào^ 
minbn of enxxt in natural science, even tbough he had 
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sucb loft/ gênerai conceptions of truth, was perhaps im- 
possible in bis situation. The morning star of nature is, in 
tbe laoguage of Milton, " last in the train of ûight," tbougb 
it belongs ^^ better to tbe dawn ;" and the sun himself can- 
DOt sbake oS tbe mists tbat attend bis rising — ^time is needed 
to dispel tbem: Bacon was tbe fîrst grand luminary of 
science, and it was no wonder tbat a portion of tbe dark- 
ness of tbe iniddle âges sbould still cling around him. 

Nor was he himself unaware of tbe imperfection of tbose 
crude and récent materials from wbicb, tor want of collec- 
tions of facts sufficiently accurate and long-establisbed, hç 
was obliged to deduce bis tables. Perbaps wbat be 
cbiefly intended was a rougb sketch of tbe bistory of nature, 
leaving it to posterity to foUow out bis plan with greater 
accuracy, and with m tbe advantages of time. This ap- 
pears, indeed, from the caution which be gives bis readers, 
quoted m our former Treatise on tlûs work, not to reject 
bis metbod itself, because some experiments and facts may 
not be so well verified as might be wisbed ; or others even 
absdutely false. The same may be gadiered from tbe 
following remarkable passage in tbe Préface to tbe Sylva 
Sylvarum, by Dr. Rawley, who was Lord Bacon's chap* 
lam. '^ I bave beard bis Lordsbip oiten say, tbat if he 
sbould bave served the dory of bis own name, he bad been 
better not to bave publisbed this Natural History ; but tbat 
he resolved to preler tbe good of man, and tbat which might 
best secure it, before akiything tbat might bave relation to 
himself. And, in this bebalf, I bave beard bis Lordsbip 
speak complainingly, tbat bis Lordsbip, who tbinketh be 
deservetb to be an architect in tbjs buildbg, sbould be 
forced to be a workman and a laborer, and to dig die clay 
and bum the brick ; and to gather tbe straw and stubble 
over ail tbe fields to bum tbe bricks withal. For be know- 
eth tbat except be do it, notbing will be done ; men are so 
set to despise the means of their own good." 

Lord Bacon formally exernpUJies bis metbod of induction 
in this part of tbe JV^ovum Organan, on the subject of heat 
— ^bis object being to inquire, wbat is its form or nature $ 
In order to institute this inquiry, be arranges tbç facts and 
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experiments he was acquainted with relating td it, m ivût 
diffisrent tables. Thèse tables, while they partake of ail 
' the imperfections found in the Sylva Sylvarum^ can scarcely 
be denied the praise, as Professor Pla3?lair remarks, of being 
" extremely judicious/' while the whole disquisitîon, as the 
same excellent judge observes, " is hîghly interestîng." 

Tab. L — ^The^r*^ table contams instances in which beat 
is found, and îs termed, by the author, the ^^Affirmative 
Table ;" or " Instances that agrée in possessing the nature 
of heat;^^ and hère are enumerated the sun's rays, direct 
and reiSeoted; fiery meteors; lîghtning; flame; ignited 
matter; bot springs, and heated âuids in gênerai; sultry 
seasons ; subterraneous air ; the coverings of animais ; ail 
bodies exposed to the action of fire; sparks struck out by 
collision ; matter in a state of friction, as the wheels of car^ 
riages ; green and moist plants when pressed together, as 
hay ; slaked lime ; iron in a state of eîSèrvescenoç with 
acids ; the bodies of animais ; herbs that are hbt to the 
taste, as cresses : vinegar also is added, as applied to the 
âesh ; and even intense cold producing a buming sensation. 

Tab, II. — ^The second tcAle which Bacon proposer in 
pursuit of bis method, is négative^ containins a list of 
thir^s in which heat is not found: but, for me sake of 
brevity, the examples hère introduced are to be only of 
those things whicn bave a near relation and resemblance 
to the things mentioned in the first table, heai alûne except'^ 
ed, in which they are, to ail sensë, wanting. ^Thus the 
first example of the ^^ instances agreeing in possessing 
heat,^^ were the sun^s rays ; and the paraUel négative in- 
stance, or the first mentioned in the second table, are the 
rays ofthe moon, of stars^ and of cornets^ since thèse are 
ail luminous, though less so than the rays of the sun, but 
are without heat. In like-manner, every iflstance in which 
heat exists in the things enumerated m ihe first table, is to 
bave one or more parallel instances in the second^ in which 
heat is wanting; though the substuices in both the tables 
"-"^eem nearly related to each other. 

Tab. III. — The third table consists of a comparison of 
the degrees of heat found in dififerent substances, The 
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things first to be conâdered are such as dtscover no beat 
whatever to the touch, but seem only to bave, says Bacon^ 
'^ a certain poteniial heat^ or a disposition and préparation 
towards actual beat.'* Quicktime, green plants, acrid 
vegetables, etc., are mentioned as examples. The first de- 
gree of beat sensible to tbe toucb, be considers to be tbat 
of animcds ; and inquiry is to be made respecting tbe com- 
parative beat of tbe différent kinds of animais, and of différent 
Earts of tbe same animais ; and tbe causes by wbicb animal 
eat is increased. The degrees of beat in varions kinds of 
^mearealsotobeobserved; as in tbe flame of alcohol ; of 
porous regetables ; of wood ; of unctuous substances, as oil 
and tallow ; of pitcb and resin ; of sulpbur ; of gunpowder ; 
of imperfect metals, as regulus of antimony ; and of ligbtning ; 
also tbe degrees of beat in ignited bodies, as in tinder, coal, 
and metals. Tbe tbermometer (yitrum calendaré) , wbicb was 
just corne into use wben Bacon wrote, is mentioned as sbow- 
ing tbe extrême aptitude of tbe common air to reeeive and 
communicate beat ; being a^cted by tbe sligbtest change of 
température. Next to the air, those bodies were imagined 
to be most sensible of beat wbicb had been newly changed 
and condensed by cold, as snow and ice ; tben is mentioned 
conjecturally quicksilver ; next unctuous bodies, as oil and 
butter ; afterwards wood ; water ; and lastly, stones and 
metals, as not beating so easily, thougb they retaîn tbeir 
beat a long time. 

Tbis table, wbile it discovers, like the rest, tbe exhaustive 
genius peculiar to its author, and tbe enlarged gênerai views 
wbicb be took of the subject of inquiry, possesses tbe same 
defects as it regards accuracy in the facts ; and occasionally 
the same insensible tendency to theorize. It appears sin- 
gular enough, for instance, to us, who know tbe property 
which oxygen has of sustaining combustion, tbat the în- 
crease of beat should be accounted for mechanically thus . 
" Motion increases beat, as appears by beDows and bk)W- 
pipes ;" and tbat after a description of the tbermometer, 
and the sensibility of tbe air in respect of beat and coH, 
it should be added, " but we conceive tbat tbe spirit of ani- 
mais has a still more exquisite sensé of beat and cold, un- 
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less it be obsti'ucted and blunted by the grosser matter of 
their bodies." Yet it is hère remarked — " How uoprovided 
we are in naturel and expérimental histbry, may be easily 
observed fW)m hence ; that in the preceding tables we are 
frequently obliged to direct experiments and further inquiry 
into particulars ; and that> mstead of approved history, and 
such instances as may be depended upon, we are some- 
times driven to insert traditions^ and stories, though we do 
thb with a manifest doubting of their tmth and authority." 
Thèse three tablesj containing a great number of such 
positive^ négative and comparative examples on the sub- 
ject of beat as we hâve ^uoted, are designed, Lord Bacon 
says, to " présent a view of instances to the understand- 
ing." And when this view is pixxîured, the business of in- 
dudion is to be put in practice. " For, upon a particular 
and gênerai view of ail the instances, some quality or 
property is to be discovered, on which the nature of the 
thing in question dépends, and which may continually be 
présent or absent, and always încrease and decrease with 
that nature ; and limit the more common nature. God, the 
Giver and Creator of formsj doubtless knows tliem by im- 
médiate affirmation, and at the first glance ; and so, per- 
haps, may angelic inteDigences ; but this is cprtainly beyond 
the powet of raan, to whom it is given to proceed, first, by 
négatives only, and àfter a perfect exclusion by affirmatives, 
We must therefore make resolution and séparation of na- 
ture, not by fire, but by the mind, which is, as it were, the 
divine fire. And thus the^r*^ work of genuîne induction 
in the discovery offorms,\s to throw out, or exclude, such 
particular mttures as are not fôund in any instance where 
the given nature is présent ; or such as are found in any in- 
stance where that nature b absent ; and again, such as are 
found to increase in any instance when the given nature de- 
creases ; or to decrease when that nature increases. And 
then, after this rejection and exclusion is duly made, the 
affirmative, solid, true, and well-defined form will remain as 
the resuit of the opération, whilst the volatile opinions go off, 
as it were, in fume. And if any one shall think that our forms 
hâve somewhat abstracted in them, becausc they app^ar to 
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mix, and join together things tbat are beterogeneous, as the 
beat of tbe celestial bodies, and the beat of fire ; tbe fixed 
redness of a rose, and the apparent redness of tbe rainbow, or 
tbe opal ; death by drowning, and deatb by burning, stabbing, 
tbe apoplexy, consumption, etc., which, tbough very dtssim*- 
ilar, We make to agrée in the nature of beat, redness, death, 
etc., be must remember tliat bis own understanding îs held 
and detained by custom, things in the gross, and opinions. 
For it is certain tbat tbe things above-mentioned, however 
heterogeneous and foreign they inay seem, agrée in the 
form or law tbat ordains beat, redness, and death." 

The first step, therefore, according to Bacon, in an in- 
quiry into theybrwi or cause, of any thîng by induction, is 
to consider what things are to be excluded frora the num- 
ber of pasMle forms or causes. This exclusion contracts 
the field of inquiry, and brings tbe true explanation of the 
case more withm reach. Thus, suppose the subject in . 
question be, to use the language of our author, the htm of 
tramparency ; or, in other words, the quality which is the 
amse of transparencjr in bodies : now since the diamond is 
transparent, we immediately exclude fluidity^ and porosity, 
or rarity ; because the diamond is a very solid and dense 
substance : tbat is, a body may be transparent, witbout 
being either fluid or light, compared with other bodies; 
neither fluidity nor lightness, then, are the form or cause 
of transparency. 

Toi. IV. — ^Bacon's fourth table, accordingly, proposes 
to exhîbit " an example of this exclusion, or rejection of 
natures from the form of beat ; that is, a rejection of those 
things as the causes of beat, in which it evidently cannot 
consist. Thus, as both the sun's rays and common fire 
are bot, be excludes both " terrestrial and celestial nature.*' 
Light and splendor are also rejected as essential to beat, 
because water, air, and solid bodies, will receive or conduct 
beat witbout being ignited; and, on the contrary, the 
rays of the moon and stars présent L'ght witbout any sen- 
I sible beat ; also because ignited iron is less lucid, but botter 

tbftn the flaine of alcohol^ Again, tenmty, or a certmn 
ligbtness of substance, is to be excluded as the cause of 
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beat, because gold, which is very dense, can be ignited ; 
while the air, which is generally cool, is thin and subtile. 
Expansive motion is also to be rejected, Bacon says, " be- 
cause ignited iron enlarges not in bulk, but remains of the 
sape dimension ;" this, however, is conlrary to a well- 
known fact in the economy of beat. — ^As bodies are warmed 
without destruction ofihe parts, this destruction is to be ex- 
cluded. Other thmgs also are to be rejected, " for our ta- 
bles," says the author, " are not designed as perfect, but 
only as examples." 

Hence it is added, at the end of this table, " The busi- 
ness of exclusion lays the foundation for a genuine induc- 
tion, which, however, is not perfected till it terminâtes in 
the affirmative ; but an exclusion is by no means perfect at 
first, nor can it possibly be so ; for exclusion, as we plainly 
see, is the rejection of simple natures ; and if we hâve 
hitherto no just and tru.e notion of simple nature, how 
can the business of exclusion be rectified? But-some 
of the above-menrioned notiohs, as those of elementary 
(or terrestrial) nature, celestial nature, and tenuity, are 
vague and ill-defined. Wherefore we must proceed to 
greater helps for the mind. And yet we judge it use&l to 
allow the understandiiig to apply itself and atterapt the 
busmess of interpreting nature in the affirmative, on the 
^trength of the instances contained in thèse tables, and such 
as may be otlierwise procured. And this kind of attempt 
we call a permission of the under standings the rudiments 
of interprétation, or the first vintage of inquiry." 

Tah. V. — ^The next, which is the fifth table and the 
last, is accordingly quaintly entitled, " The Jirst Vintage 
conceming the Form ofHeatf^ that is, a rough and gêne- 
rai spécimen of a conclusion derived from the foregoing 
investigation. Bacon concludes, hère, that from an exami- 
nation of ail the instances, " separately and collectively, the 
nature whose limitation is heat, appears to be motion^^^ 
which he attempts to proye from the view he took of the 
facts. He adds, " What we bave thus said of motion is to 
be understood of it as of a genusy with regard to heat, and 
not as if heat generated motion, or motion generated beat, 
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though this may be true in some cases ; but iiie meaning 
is, that heat itsélf^ or the very existence of beat, is motion^ 
and notliing else, though motion limited by di^rences, 
vAïicYi we shall presently subjoin." 

He next points ont thèse ^' différences^^'* as he tenus 
them ; that is, he endeavors to discover what kind of mo- 
tion this is of whîch he speaks. Hefirsi argues that it is 
expansivel whereby a body dilates itself ; which, however, 
is hardly consistent with bis observation on ignited iron in 
the fourth table. The second " différence," or quality of 
the motfon is, that heat is an expansive motion toward the 
circumference, and which at the same time rises upwards. 
" The thîrd différence," he says, " is that this motion is 
expansive in the lesser particles of a body;" and "the 
fovrth diiference îs, that the motion in which heat consists 
is rapide" Âll this he attempts to prove, and concludes 
tfans : " Let this serve for what we call the first vintage, or 
an attempt towards interpreting the fbrm of beat, which 
the under^anding makes, as we said, by way of permission* 
The fruit of this first. vintage is in short : Heat b an expan- 
sive, bridled motion, struggling in the small particles of 
bodies. But this expansion is modified ; so that, while it 
spreads in circumference, it bas a greater tendency upwards. 
It is also vigorous and active. And as to pracdce, if, in 
any natural body, a motion can be excited which shall di- 
late or expand, and again recoil or turn back upon it^lf, 
so as that the dilatation shall not proceed equally, but part- 
ly prevail, and partly be checked, any man may doubtless 
produce heat. And this may serve as an example of our 
method of investigating Forms." 

Notwithstanding the imperfection of thèse tables as to 
theîr détail, ^e want of accuracy in the experiments, the 
snideness, and the. apparently gratuitous style of Bacon's 
conclusions, amidst the labored appeàrance of the Avhole, 
it is worthy of remark that bis hypothesis oa the nature of 
heat is the very same as one of those which still, at the 
distance of nearly two centuries, divide the opinions of 
philosopher». The more direct and élégant manner in 
which the modems bave employed bis induttive method, 
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bodies which are in ail otber respects the same ; thai îs, 
the bodies hère agrée in ail thmgs but this one. The form 
or cause hère, therefore, cannot exist in any of the gênerai 
things m which the bodies agrée. The véins of black, and 
of wfaite, in marUe, and the variely of colors in fiowers, 
are adduced as examples ; where the substances agrée, al- 
most in evérything but in color. Bacon .hère again con- 
cludes that permanent colors dépend chiefly on the tex- 
ture of the surfaces of bodies, and very little on their inter- 
nai and essential properties. 

2. Instantia migrantes ^ oftruveUi'nginsiznceSy are those 
in which one quantity is lost, and another is produced ; or in 
whid) the nature or quality inquh*ed into exhibits changes 
and degrees, passing from less to greater, or from greater to 
less ; in the çne case approaehing its moûcimutn^ or greatest 
State, in the otber tending to extinction altogether. Let the 
inquiry be into the cause of whiteness, in bodies that are of 
this color. Olass and toater are mentioned as examples. 
Glass, when whole, is without color ; but, when powdered, be- 
comes white; so water m itsnatuial state is colorless, but is 
white when in the state of foam. Both thèse substances 
pass from a state of transpariency to an opaque state. ^' It 
is manifest," sajrs Bacon, "that the form (cause) of white- 
ness travels or is conveyed over by pounding the glass, and 
agitating the water ; nothing, however, is hère found but a 
bare comminution of the parts, together with the interposi- 
tion of the air ; and whiteness is exhibited by a diâ^rent 
réfraction of the rays of light." Metals becoming^uûf by 
beat, and again solid by its abstraction, might be added as 
another example ; also the shelU which are often found per- 
fect in limestone, and by degrees become lost in the finer 
marbles, till they are no longer discerned. The minerai king- 
dom présents this kind of instances in the greatest abun- 
dance, and such facts are, perhaps, nowhere of greater import- 
ance in practice. The barometer also fumishes an instance 
of this progressive kind ; for on going to the top of a 
mountain, the mercury sinks, which it ougbt to do, if it be 
the weight of the atmosphère that supports it, becaiise tbe 
column of the atmosphère is now shorter. 
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3. Next corne the Instantuz Ostensivaj glarvng in- 
stances ; whtch our author also terms duscentiœ znàpredomi- 
nantesj or instances which show the nature or quality in its 
highest power and degree, and freed firom the obstructions 
which usuaUy counteract it. The nature which is the sub- 
ject of inquiry is hère, as is represented, fuUy displayed 
either by the absence crf such obstructions to it, or by its 
prevailing over them by its own energy. The thermometer 
is judiciously chosen as an example ; this instrument very 
obviously showing the expansive force, of beat in its opéra- 
tion on air. Perhaps, Lord Bacon is not so happy in ad- 
docing quickailver^ on account à( its fluidity, as a glaring 
instance leading towards the discovery of what gravity is ; 
for gold, which is heavier than quicksilver, becomes fluid 
also by the application of beat ; and quicksilver is solid at 
a certain température. 

Prdfessor Playfair adduces, as an example pf this class, the 
shells, corals, and other marine exuviae, or their impres- 
sions found imbedded in solid rocks, and on high mountains, 
as decisively proving the original formation of such land 
under the sea. 

4. The Instantiœ Clandestine^ or obscure instances, 
may be considered as opposed to the last. Bacon bas also 
fancifuUy called them Instantiœ Crepusculi^ twiltght in- 
stances. Thèse are ûxe cases in which some quality or 
power is just beginning to manifest itself, and is in its weak- 
est and most imperfect state. Thèse he regards as pecu- 
liarly important in attempts at generalization. He men- 
tions an example with référence to the nature of soliditj/y 
exhibited in a low degree in a fluid, when water, blown 
into a- bubble, assumes a kind of consistent skin, and may 
be thrown in this form to a considérable distance ; and he 
infers, from such cases, that fluidity and solidity are only 
relative ideas, and that bodies bave what he terms " a real 
appetite to avoid discontinuation." Water suspended in 
capîUary, or very small tubes, is another illustration. This 
effect may be viewed when at its mmùnumy or in the least 
degree, that is, when the tube is încreased in its bore. 
The column of water now becomes a slender ring, going 

3 
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instances of the class to wbich tbey belong. Examples 
are, the sun and moon . among heavenly bodies ; the raag- 
net among stones; mercury among metals^ the éléphant 
among quadrupeds. To thèse of Lord Bacon may be 
added such instances as the newly discovered planets, which 
do not move in the zodiac, and are of a much smaller size 
than the others ; also Saturn's ring, wbich is the only case 
we know of the kind.-^Those stones called aérolites also, 
wbich bave sometimes fallen from the heavens, may be 
noted as presenting a singular class of well-authenticated 
facts not yet satisfactorily explained/ 

8. Almost the same with the last, but mentioned as dis- 
tinct by Bacon, are the Instantia Déviantes, or deviating 
instances ; " that is," be remarks, " errors of nature ; tbings 
monstrous and unconunon, where nature turns aside firom 
her ordinary course. Thèse errors of nature differ from 
the singuiar instances, which are miracles in species; 
while thèse errors are miracles in ir\dividuals. And hère the 
latent process that leads to the déviation is to be inquired 
into." 

Examples of thèse are, be adds, '''- ail prodigious and 
monstrous births, and productions of nature; and of ail 
tbings new, extraordinary, or uncommon în the universe. 
And bere such tbings are to be suspected as the prodigies 
of Livy ; and those no less wbich are found in the writers 
on natural magie, alchemy, etc., wbo are the professed ad- 
mirers and lovers of the fabulons." 

9. Instantùe Umitaneœ or Umiting instances, are also 
very near akin to the singular, Tbey are those which 
exhibit, as it were, a conibination of two différent kinds in 
the same individual : the bat and the flying fish are exam- 
ples; also the mole; and ail combinations of différent 
species ; among thèse none are more remarkable than the 
strange quadrupeds lately discovered in New Holland, 
partaking of the structure both of birds and beasts, and 
called, by naturalists, the Omithorhynchus Histrix and 
Paradoonts. 

10. The next place is assigned to what are called the 
Instantue Potestatisy instances of power ; by whVb are 
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raeant the most remarkable productions of human ingenui- 
ty ; or, as diey are described, " the most noble and perfect 
Works, and such as may be called the masterpieces in 
every art." Hère are introduced the destructive inven- 
tions of gunpowder and ordnance ; the manufacture of 
silk ; also that of paper, on vi^hich he comments with 
great admiration, as very singular in its texture among the 
productions of art. . He notices also glass, porcelain, and en- 
amel ; and adds that contrivances of " dexterity, delusion, 
and diversion," are not whoUy to be rejected from the 
enumeration, nor even '' things magical and superstitious ; 
charms ; the supposed sympathy of spirits," etc. ; because, 
under the falsehood of thèse things, the true opérations of 
nature may oftentimes be conçealed. 

Of thèse instances, it would be endless to adduce the 
examples which might be iumished by the modem im- 
provements in art and science; the steaîn-engine alone 
might suffice, as connected with a world of bventions, 
each of which wbuld hâve appeared to our indefati- 
gable author a "masterpiece of art;" witness only one 
of the applications of it, namely, to the workîng of vessels 
on water. But in the line with gunpowder, or rather in 
advantageous contrast to it, may well be placed the safety- 
lamp, — ^apdy termed by Professpr Playfair, "the most 
valuable présent that science ever made to art." 

11. InstarUiœ Comitaiûsj atque Hostiles, or instances 
of accompaniment and separatioîi, are those in which cer- 
tain qualities,-or properties, always accompany each other, 
and the reverse. 

Of the first kind are flame and heat ; that is, ail flame 
possesses heat, while in air, stones, metals, heat is merely 
accidentai, or may come and go. So also, excepting a 
very few particular cases, heat and eocpansion are an instance 
of this class ; heat being accompanied with an increase of 
the substance in which it résides. Body and gravity may 
also be adduced ; for whatever is impénétrable and lias 
inertia, that is,-everything of which we can certainly say, 
it is mutteTy possesses also weight, ràore or less. 

^hejiostue instances, or those of séparation, are oppos- 
3* 
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ed ta the former ; that is, tlie quality which is tbe sdbject 
of inquîry is alv^ys absent iirotn them. Thus, in the case 
of solidity : air, and elastic fluids in gênerai, cannot, so far 
as we know, assume a solid form 5 ihey are never exhibit- 
ed in this state, although ^e disco^reries of Mr. Farraday 
bave fimited the number of permanently elastic fluids by 
condensing, through pressure, raany which were before 
thought incondensible, So in the case of tramparency : 
this, in solid bodies, is not found joined wilh malleability. 

12. Instantùe Svhjunctiva^ subjunctive instances, ort hose 
which ma3r be subjoined to the last, as seeming nearest to 
approach the exceptions to them. " As for example," says 
Bacon, ^^ the mildest and softest fiâmes, or such as burn 
the leastj and in the subject of incorruptibility, of which 
we bave no affirmative upon this earth ; yet gold cornes 
nearest to an incorruptible body." 

The other examples Bacon adduces seem rather tô be- 
long to the InstantKt Ostensiva, unless he means to point 
them out as showing the limits of nature in some of the 
accompanying instances: "of this kind," he says, "are 
gnld in weight;,the whale in bulk of animal body; the 
hound in point of scent ; the explosion of gunpowder in 
sudden expansion." 

13. The next instances are called Instaniùe Fcsderisj or 
instances of alliance, or union ; in which natures, proper- 
ties, or qualities, supposed to be dissimilar and hétérogène- 
ous, are, on investigation, found to approach nearer to each 
other, if not to be the very same. Thèse, it is observed, 
are of great use in leading us, from resting in di^rences, to 
gênera, or gênerai classes. Bacon adduces bis favorite 
subject, heat. He says that, in bis lime, tbe beat of the 
8un, that of animais, and that otfire, were supposed to be 
perfectly différent in theîr very n^itures, He rejects this 
supposition, and illustrâtes bis meaning, with regard to 
thèse instances, thus : — " We bave an instance 01 union 
in the case of grapes ripening sooner than the grapes of 
the same vine out of doors, if one of the branches be train- 
ed within side a room where a fire is kept ; so that culina- 
Ty fire will ripen grapes, which is supposed to be peculiar 
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to the sun's beat." — ^He aJso instances the reasonîhg facul- 
ty in man, and the sagacîty of brutes, as in some cases so 
nearly approaching to the appearances of origînating in one. 
comraon nature, as to merit particular inquiry. 

14. More important tban the former, are the Instantiœ 
Crudsy cruciai instances; so called, after Bacon's man- 
ner, from the crosses, or way-posts, used to point out roads, 
because they détermine at once between two çr more pos- 
sible conclusions. 

" Thèse instances," says the author, "are of such a kind, 
that, when in search of any nature (cause), the mind comes 
to an equiBbrium, or is suspended between two or more 
causés, thèse facts décide the question, by rejecting ail the 
causes but one." In thèse cases, each of the sopposed 
causes equally accounts for the appearances, aud it is the 
part of the inquirer to contrive some experiment, or dîs- 
cover some fact, applicable to the given question, which can 
only be explained by one of thèse causes ; by which ail 
uncertaînty vanishes, and the true cause becomes knçwn. It 
is very common to speak, both in science and common 
arts, of tests and ecoperimenta cruds. Thèse are sometimes 
décisive both ways, and sometimes imperfect, or what may 
be called unilatéral, Thus, if a flame burns in any gas 
submitted to experiment, we conclude generaUy that there 
is oxygen in the air ; but îf it does not bum, we cannot, there- 
fore, conclude that there is none, for it may be in too close 
combination with some other gas to support flame. But a 
perfect test would be weighing any gas ; for ' if it be 
heavîer than common aîr, in the ratio of 1.436 to 1.2, it is 
oxygen ; if lighter or heavier, it is not. Thus, too, in dis- 
cussing whether a given writing be innocent or libellous, 
that is, maliciously composed, or composed with any im- 
proper motive of any kind, the truth is a unilatéral test ; for 
if tlie allégations be false, there must be malice ; but there 
may be malice also, though the matter stated be true. 
There would arise very great distinctness in argumentation, 
were we to adopt this convenient phrase of a complète and 
an incomplète or unilatéral test — ^many of the errors in rea- 
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soniog, especîally upon moral subjects, arising iinom mis- 
takÎQg incomplète for complète tests. 

In order to illustrate tais division of instances, Bacoa 
mstitutes an mvestigation into the causes of tbe tides; but 
tbe discussion is not founded on sufficient data ; is confused 
by being involved with a question upon tHe Copemican 
doctrine of tbe rotatory motion of the earth; and the whde 
terminâtes unsatisfactorily. To détermine the true theory 
of the tides was reserved for Newton himself ; but he did 
it upon the genuine principles.of the Baconian philosophy. 

The question whether rotation belongs to the earth, or 
to the beavens, generally, is also introduced; and hère 
Bacon evidently inclines to the old hypothesis, namely, 
that die heavens revolve round the earth, which remains at 
rest ; thdugh he allows that, if any çomet should be ob- 
served not to obey the apparent law of the celestial mo- 
tions from east to west, this would be a crucial instance, 
showing that there can exist in nature a motion contrary to 
the visible, diumal motion, as it appears to the sensé. 
This question might bave been determined by observing 
what is called, in the language of astronomy, the motion 
of the planets in latitude; that is, their déviations from tlie 
plane of the ecliptic, or the sun's apparent annual path 
among what are now called the fixed stars. Thèse dévia- 
tions présent a set of appearances not to be reconciled with 
the Ptolemaic S3rstem, which makes the earth the cen- 
tre of the planetary motions, but are easily explamed on 
the theory of Copeniicus, or that of the sun being at rest 
m the centre. This, therefore, would bave been an in- 
stance of the class before us, against the Ptolemaic hypoth- 
esis, and strongly in favor of the Copemican doctrine, 
though some other appearances of the heavenly bodies might 
accord equally well with either of the two théories. — ^In his 
remarks on the subject of gravity Bacon is more bappy. 
He proposes to solve the question whether or not bodies tend 
towards the earth in consecjuence of an attractive power 
belonging to it, by ascertaimng whether they fall with less 
velocity at greater distances firom it ; and this is to be done 
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by observbg whether or not the pendulum moves môre 
slowly at great heights above the earth's surface. Both 
thèse queries bave long been sadsfactorily answered. 

Chemistry is rich în thèse Instantiœ or Expérimenta 
Crucis. TÎie great object m expérimental philosophy is, 
to institute soibe experiment which shall be similar to 
another in ail respects but one, which, in order tô be per* 
fectly satisfactory, the method of induction generally.re- 
quires. Hence, in those branches of science in which. 
the objects of inquiry are less completely under our com- 
mande and less capable of being put to the test of varied 
experiments, it is difBcult to distingbish the causes ; and 
to assign to each its own proper effect This is often the 
case in inteUectual and moral inquiries, in political econa^ 
mjfy and alsoin medicine. Chemistry, which is so complete- 
ly a science of experiment, fumishes notable instances of 
aie présent class. 

The celebrated Lavoisier performed an experiment of 
this kind, which exploded the doctrine o( pMogiston^ as 
held by former chemists. It is well known that when 
metals are calcined in the are, the weight of the mass be- 
comes greater aiter the process than before. The cause 
of this fact was a subject of inquiry. It was supposed, from 
some circumstances, unnecessary to be detailed, that in the 
calcination of a mass of tin, for. instance, a certain substance 
is actually driven off by the fire. To this substance, the 
name o( phhgiston was gi ven ; and as the métal was heavier 
after its escape than before, it was supposed itself to pos- 
sess what they termed absolute levity. 

Lavoisier instituted the foUowing experiment : a quantity 
of tin was put into a glass retort, and hermetically sealed ; 
the re.tort, with its contents, was then carefiilly weighed. 
The j^roper degree of beat was next applied, and the métal 
was calcined^ and now the weight was found to be exacdy 
the same as before the process : nothing therefore could 
hâve escaped throudi the glass. When the retort had 
cooled, it was opened, and the air rushed in, showing that 
a partial vçcuum had been produûed. The retort^and its 
contents were now weighed a third time, and it had gained 
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ten grains in weight : ten grains, tberefore, of air had rushed 
into the retort on its being opened. The calx was then 
taken out, and was found to weigh exactly ten grains more 
than it did before calcination. The ten grains of air^ there- 
ibre, which had disappeared, and had been replaced by the 
same weight of air, on the retort being opened, had com- 
bined with the métal during the process. This most satisfac- 
XOTj experiment led to the knowledge of oxygen gas, that 
species of air which combines with metals when they are 
calcmed, and the doctrine of phlogiston was exploded. 

lô. Next in order are Instantiœ JDivortii, instances of 
séparation ; ^^ which indicate the séparation of those na- . 
tures which for the most part are found together. Thèse 
diâbr from imtantia crucis, as determining ' nothing, but 
on]y admonishing us of the séparation of one nature from 
another." This seems a very gênerai distinction, and not 
very applicable to practice. It is foDowed by sortie curions 
remarks by way oi illustration. Bacon says that agency in 
gênerai belongs to some substance; but doubts whether 
Qie attraction of a magnet does no( fumîsh an example of 
this agency, or virtue, being neither in the magnet nor in 
the body attracted, but between themboth. He supposes, 
therefore, that "natural agency, or power," may subsist for 
a tîme without a substance ; and tins he would call an in- 
stance of séparation, He makes the same remark with 
regard to the attraction of the earth. 

It is obvions that there is hère a confusion in the use of 
terms ; and a want of simplicity in forming the notion of 
cause anéi effect. Agency is first spoken of as a quality 
belonging to some agent ; and afterwards as a real exista 
enccy independent of an agent : this would be to introduce 
an additional agent ; and to suppose, after ail, that we know 
more of cause and effect than we actually kno\fv î^l^l^ich 
is, that one class of events uniformly goes before ânother 
class, which may be called their corresponding events ; or 
that a certain antécédent always précèdes a certain consc" 
quent, ' Bacon, however, singidarly founds, on thèse sup- 
posed instances of séparation, a fanciful argument for tm- 
maieridlisni^ by way of corollary, which he introduces as 
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ofgreat importance; alleging that "if natural virtuel and 
agencîes may subsist without a body for some time in 
space," this may lead us to a conception of the existence 
of an incorporeal substance ; — its existence, however, rests 
on better évidence, and stricdy inductive, for we know 
the existence of matter only by its eâects on our mind 
through our sensés, and we know the existence of mind 
by our consciousness, or by the reflection of the mind 
itself on its own opérations. We hâve, therefore, the same 
kind of évidence, in a high degree, for the existence of 
mind as of body. 

II. Instances tending to assist the Sensés, 

The above gênerai name is given by Lord Bacon to 
the five orders of instances which foUow. They are call- 
ed, in his usual technical style, Instantiœ Lampadis, in- 
stances of the lamp, because they propose, chiefly, to cor- 
rect or inform the sensés ; thç accurate impressions and 
informations of which, it is évident, are oi the utmost 
importance in philosophical inquiries. 

16. Of thèse five, thejirst are the Instantiœ Januœy in- 
stances of the portalj assisting the immédiate action of the 
sensés, and more particularly the sight. Of this kind are 
opdcàl instruments in gênerai, and speaking and hearing 
trumpets. Bacon mentions the télescope as the invention 
of Galileo, and as bringing into view the innumerable stars of 
the milky way, the satellites of Jupiter, the unequal surface 
of the moon^ and the spots in the sun ; but, as he had not 
the opportunity of verifying thèse discoveries for himself, 
the admiration he expresses for them is tempered with 
some doubt as to their reality. He also notices the micro- 
scope, and instruments for measuring distances, as examples. 

17. The second of this class are the Instantiœ Citantes^ 
summoning instances ; so called because they cite things, f 
as it were, to the bar of the sensés, enabling us to perceive 

things which were before imperceptible. 

Among the causes why things escape the sensés, are ■' 

enumerated, distance of place ; the interposition of some 
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other body; the unjitness of the object to impress the 
sensés ; the shortness of the time durîng which, in some 
cases, the object may act on the sensés ; and the object, as 
it were, sometimes overpowering the sensés. Whatever 
remédies thèse causes are instances in point. Bacon no- 
tices the ptUsCj as bringing to light conditions of the human 
frame, not cognizable by other means. He also remarks 
that very swift motion requires to be well-measured, in 
order to compensate for its escaping the sensés ; this is now 
donc with regard to sounds ; and by means of the éclipses 
of Jupiter's moons, and the aberration of the fixed stars, the 
velocity of light itself is measured. 

Other examples may be adduced from modem science ; 
as the barometery and the air-punvp^ which show the 
weight and elasticity of air ; and the experiments in pneu- 
matics, in gênerai, and in electricity and galvanism, hâve 
rendered certain the existence of things, which had before 
entirely escaped the sensés, as the gases, or elastic âuids. 
To the same head may also be reduced thelate wonderful dis^ 
covery of a moving magnetic âuid, or an action circular and 
perpendicular to the electrical current, yet connected with it. 
• 18. Thirdly, follow the Imtantia Via^ mstances of the 
road, " Thèse," says Bacon, " we also term jointed in- 
stances, as indîcating the opérations of nature gradually 
continued ; and thèse rather escape the observation than 
the sensés of men." There is a propensity in men, he 
remarks, to be contented with viewing nature only by "fits 
and starts," at intervais, and when her processes are finish- 
ed, while they ne^ect to.watclv her graduai method of 
workinc. This is the resuit of indolence. Naturels oper^ 
ations, nowever, should be carefuUy observed while pro- 
cesses are going on, as we stand by and see the operative 
manufacturer carry on his work. Examples of thèse in- 
stances are the végétation of plants ; the natching of eggs, 
throughout ail their stages ; such processes as putréfaction ; 
and in unorganized bodies, distillation. Thèse instances 
are somewhàt similar to the instantia migrantes, 

19. The fourthBieûïe Instantia Supplementi/ms^xnces 
of substitutum^ "or diose to which we hâve recourse," 
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says our author, " by way of refuge, when the pKçer in- 
stances cannot be had." He names the magnet^ whîch attracts 
iron through varions substances which may be interposed ; 
and adds, " perhaps some médium may be found to deaden 
this virtue more than any odier médium ; such an instance 
o( sîtbsHtution would be in the way of degree, oiapproxi* 
motion ;" that is, it would approach toward destroying tbe 
magnetic virtue. Perhaps iron has this quality in a high- 
er degree than any other substance. 

20. Tbe Jijihy and the last enumerated, of this class, 
are the Instantiœ Persecantes, sîve f^elîicantes, œmjndso^ 
ry instances ; which are thus explained : " We call thera 
so because tbey twitck the understanding (vellicant) ; and 
because they eut through nature (persecant). They are 
those facts which rouse the mind to a perception of the 
admirable and exquisite subtilty of nature ; so as that it 
may be awakened and stimulated to due attention, observa- 
tion, and research." Bacon means, in shorts those facts, 
which force our attention to things which are apt, from 
their minuteness and subtilty, to escape pur observation. 
His remarks on thèse instances show now alive he was to 
what is curions and admirable in the laws of nature ; and 
exhibit the genuine spirit of a philosophie observer. 

Some of his examples are the following: a drtyp ofink 
in a pen, which is capable of so great a number of divisions 
into letters, in writmg; the amazing length to wbich a 
wire may be dfawn ; the exquisite structure of animalcuUt ; 
the tincture which a little color gives to a quantity of wa- 
ter; the small quantity of vmsk that will perfume a room, 
without losing any of its weîght ; the great volume of smoke 
which is extricated from some substances, as intense ; the 
notes in musicy which are so accuratelv conveyed through 
air, wood, and other médiums, and reflected so swiftly and 
yet so distinctly in echoes; light and cohr passing so rapid- 
ly through masses of solid or fluid matter, as through glass, 
or water, and at the same time conveying to the eye a 
great and exquisite variety of images, though the light 
suffers refraction and reflection; the loadstone attracting 
iron through solid bodîes. To thèse are added the mulli- 
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tude of natural opérations that are going on in the universe . 
at the same titne, without interposing with each other ; as, 
for instance, visMe objecis are seen through the air ; nu- 
merous percussions and articulate sounds are acting on it ; 
nurherous odors^ as of âowers, are passing through it ; 
also cold^ heat, and thé magnetic attraction : ail thèse ac- 
tions are continually going on, and innumerahle more with- 
out obstructing each other. 

Our laborious author subjoins, what he calls limiting in- 
stances to thîs class. Thus, though one action or opéra- 
tion of nature does not disturb another of a différent kind, 
yet this is not exactly the case with regard to actions of 
the same kind. The sound of a flûte, and tlie smell of a 
rose, may both pass through the air, and make impressions 
on the sensés at the same time ;• but the report of a can- 
non droWns the voice; the light of the glow-worra, if emit- 
ted in the sun-beams, is not visible ; and a stronger odor 
overpowerè a weaker, 

in. Instances leading to Practice. 

This division, to which Lord Bacon gives the gênerai 
name of Instantiœ Practicœy practical instances, contains 
those which are of principal use in praetice ; or in the actual 
eSort to raise the in^provement of art on the foundation of 
science, and thus to reduce oui: knowledge to some valua- 
ble purposes. 

The instances of principal use in practice he regards as 
of two kmds, applicable to tlie two ways in which he con- 
siders tliat knowledge may fail of leading to actual results. 
This failure may be ocpjasioned by our knowledge not be- 
ing sufBciently accurate and précise, though sound as far as 
it goes ; and this is oftan the case in natural philosophy, 
from objects not being exactly measured and estimated. 
Or the practical resuit tbat is desired may fail, through tlie 
process or experiment not being sufficiently simplijied, but, 
on the contrary, enoifîïbered and confusiea with opérations 
that do not necessarily belong to it. Hence the " practical 
instances" are divided into two classes, of wbich thefirst are 
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tfae Instantiœ Jlfen«t(r<fC, instances of aâmeasurement ; of 
whîch he makes four kinds ; and iii which some estimate of 
the qualities and actions of bodies is to be formed, in order to 
remedy the first of the two aboye<-named sources of faiiure ; 
namelj, the vmnt of précision in our knowledge } and to 
aid m converting knbWledge mto power. 

(1.) Instantiœ Menmrœy Instances of Admeasurement. 

2 1 . T^e first of thèse are the Instantiœ Radii, or instances 
of the measuring-rod ; that is, cases in which things are 
to be measured in respect of their relation to space. " For," 
says Baôon, <^ the forces and motions of things operate 
within certain spaces that are not indefînite and casual, but 
determinate and finite ; and the due observance of thèse 
spaces in every subject of inquiry is of great importance to 
practice." 

He remarks, for example, that many qualities and prop- 
erties act only by contact. In the percussion of bodies, . 
motion is communicated by the impellmg body touching the 
impelled ; in the sensés of taste and touch also the effect is 
produced by contact; so in extemal remédies used in 
surgery. Some agencies act at sfnall distances^ as in the 
case of ambery and the magnet^ which attract certain sub- 
stances within a certain sphère. Other agencies operate 
at gréai distances, as heaty odors, soundsj and especially 
light, the eâëcts of ail which, on the sensés, are perceived 
when the sources of them are remote from us. The at- 
traction of the moon on the sea iu added, which Bacon 
thought a probable cause of the tides, though he dqes not 
seem to hâve considered his inquiry into the subject to hâve . 
been sufficient to enable him to décide the question. Now 
ail thèse agencies, it is argued, whether they take place at 
smaller or larger distances, are bounded and finite; and 
it is an object of science, to ascertain their maocima, or 
extrême limits ; and bow far their effects dépend on the 
bulk gnd quantity of matter in the bodies of which they 
are the properties ; on the pecuUar nature of the proper- 
ties or qualities themselves; or on the fitness or unfit- 
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The expansions and compressions of bodies also, and eaplo^ 
sions, as in gunpowder, mnst hâve, in each case, their 
own proper times, if we could accurately measure them. — ^In 
many cases nature is, as it were, prevented from producing 
her effects, for want of due time for her opérations ; the 
hand may be rapidly passed through flame without beîng 
bumed ; small vessels of water may be swung round in 
such a manner, vertically, as not to be spilled ; and a bail 
fired across the axis of vision is not seen, because the mo- 
tion is too rapid for the eye to be impressed by it. 

One passage, which occurs under tbis head, is too re- 
markable to be omitted, as presenting an anticipation of 
the very examples we bave just adduced, though comment- 
ed on afterwards by the author in a doubtful manner. 
" Some cases bave produced in me a suspicion altogether 
surprising ; namely, whether the face of the serene and 
starry heavens, be seén at the very time it exists, or not till 
some time later ; and whether there be not, with regard to 
the lîght of the heavenly bodies, a true time and an apparent 
time, as well as a true place and an apparent place, accord- 
ing to the astronomer, on account of paràllax ; so incredible 
does it seem that the rays of the celestial bodies can instan- 
taneously pass to us, through such an immense space of 
miles, and not require even some considérable portion of 
time." 

23. Thirdly, of the same class are the Instantia ^umtiy 
instances of quantity (literally, of how much^. Thèse 
are cases in which the virtues^ or propetties ana effects of 
things are measured by the quantity of matter they con- 
tain. Examples adduced are, that large collections of wa- 
ter do not easily become stagnant, like small ones ; wines 
are matured and improved by being bottled off in small 
quantîties ; a magnet attracts more iron than any part of it 
when separated, though masses of ail sizes as well as den- 
sities are equally attracted to the earth ; sharp and angular 
points penetrate and divide bodies the most easily. The 
effects of quantity, therefore. Bacon observes, are to be 
carefiiDy estimated. The importance of this to practice is 
obvious, if we name only chemistry and medicine. 
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$4. Thé kst of ûïe f(nir msta&ces of meaïnire are the 
Inàtantùè LuetOy inëtaiices ûf redstfmce; "wfaicb/' says 
tKe antbof, ^"^we abo caB jpr^dv&ng* insiaûces; that is, 
sùcfa as show the subjection of wrtuei to one another; or 
which of tfaem is the strongèi^ and pnrevails, and which the 
weaker ànd submitsr ; tôt the motions zsii stiug^es of 
bodies aiie no less-compoùnded, recompoundéd, and com^ 
pHcate thah bodies themseîveâ.** 

In order to iHustrate thèse instixhtiœ luctœ^ Bacon intro- 
duces no less than nineteen kinds of motion (motus) or ré- 
sistances, ail differing, as he considers, from each other, and 
in theîr efiëcts. He hère, however, employs the word 
ntatùs in a more geneM and less prôper sensé, than m^ely 
as slghifying actual change of place ; for in some of the 
cases nothing more is meant by it than certain tendencies 
in matter to resist certcnn esternal fot^es ; thus bis Motus 
cmtitypio! he definés tô be the résistance or répugnance 
Which ail bodies discover to the anmhilation of their minute 
parts — ^it is, m short, the tndegtriictïbiKty of matter; a prop- 
erty which, so far as we are acquainted with nature, seems 
to be unîveràal. .Science may résolve matter into its com- 
ponent parts, or go far at least towards doing so ; its form 
maty be from the solid to the fltrid, or the aëriform state; 
and it may combine into various way^ with other matter ; 
as may be seen in almost erery chemical process, and in 
the dissolution of animal bodiés after death : but only the 
Power thatcreated matter>can reduce it to nothing. To 
a careless observer, the fallen leaves of vegetables, which 
rot upon the ground, would appear to be lost for ever ; 
but Berthollet bas shown, by experiment, that whenever 
the soil becomes charged wîtfï such matter, the ôxygen of 
the atmosphère combines with it, and couverts it into car- 
bdriîc acid gas. The conséquence is, that this same carbon 
is absorbed by other vegetables, which it clothes with new 
fôKage ; thèse, in their tum, decay, and thus résolution and 
renox^tion go on to the end of rime. In short, in the wh<de 
cîrcle of the material world, we never wîtness a single in- 
stance of destruction or annihilation. 

Bacon even enumerates, among thèse kinds of motion 
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(motus), what is now caUed the inertia or inactwity of mat- 
ter; a property by wbich it resists any change endeavor- 
ed to be made in its state, either of rest or motion ; and 
which property is the foundation of the three laws of nuH 
tion^ as delivered by Newton in his Principiq. Ëacon 
singularly calls it Motus decuMtûSf aut motus exhorrentics 
motus f the motion^ Ttendency) of repose, or ofavoidin^ mo^ 
tion. Among the kinds of modon, or tendency, mentioned 
as belonging to the Ingtantia Luctaj are also the foUow- 
ing:— 

Motus libertatiSf the motion oîlïberty; or, as our author 
means, elnstidty; that property of bodies by which they 
restore themselves to their ori^al figure, uter compres- 
sion ; as is seen in the springs pf watches, air in air-guns, 
Indian-rubber, etc. 

Motus hylesy from a 6f eek word signifyine matter, is the 
capacity of ea^annon; or the tendency of matter, under 
certain circumstances, to enlarge its bulk: the efièct of 
heat, in expanding bodies, and gunpowder in explosions, 
are named as familiar examples. 

Motus contimjuUionis^ or the attraction of cohésion^ by 
which the particles of the same mass are kept together, as 
forming its component parts. The modem experiments on 
the strentgh of différent substances, by finding what weights 
are necessary in order to tear them asunder, are founded 
on this property. Thèse experiments hâve been made 
with bars of wood, metals, glass, etc., of ^ven dimensions, 
and it bas bcen found that the cohesive strength of a body 
is in the joint proportion of its elasticity, and toughness, and 
the area of its section. Newton conjectured cohésion in 
bodies to be that which constitutes them of différent forms 
and propertie?. 

Motus indigentia, the motion o{ préférence ; or the ten- 
dency which bodies hâve to unité with some bodies rather than 
with others. Thus the surface of mercury in z, glass bottle 
appears conveXf but in a raetallic vessel, it appears concave^ 
in conséquence of its tendency to adhère to the ddes of 
the vessel, as it bas a greater attraction for métal than for 
ghss. Chemical attraction, or affimty, also fumishes innu- 
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merable examples. Bacon seems to confound this élective 
attraction with capiUary attraction ; from which it differs 
as much as it does frbm the attraction of cohésion, or ag- 
gregate affinity. 

Motùs covgre^atianis majorisy the motion of greater 
aggregatian, or, if we may distinguish it from cohésion, in 
modem language, the attraction of ag^regation, " is that," 
says Bacon, " by which bodies are carried to the masses 
of theîr own natures." This may be illustrated, if we 
carefuDy observe two small globules of mercury moved 
towards each other along a smooth surface : their mutual 
attraction will be évident immediately before they unité in- 
to one globule; or, if two pièces of cork be floated in a 
basin of water, not nearer to its edge than to éach other, 
they will visibly approach, and at last corne mto contact. 

Motîis fvga, or the motion of avoidcmce^ though very 
-^rudçly and almost ludicrously illustrated by Bacon, bas 
its foundation in fact, and is that property of matter which 
ils now called r^ubion. Newton found that a convex 
lens, when put upon a flat glass, remsdned at the distance 
of die TjT^ P^^ ^f ^^ ^^^ l ^d ^hat a very considérable 
force was requisite to diminish this distance. Âgain, though 
Steel is so much heavïer than its bulk of water, yet if a dry 
needk be placed carefuUy upon the surface of a basin of water, 
it will float ; the repulsion of the water preventing its sinking. 
Also the pardcles of ail gases seem to repel each other, as 
appears from their elasticity. According to Boscovich, the 
atoms of which bodies are composed are capable of acting 
on each other with a force, which differs in intensity and in 
kind, according to the distance. Ât sensible distances the 
force is attractive, and dimînishes inversely as the squares 
of the distance. Ât the smallest distances the force is re- 
ptdsive; it increases as the distance diminishes; and at 
last becomes infinité or insuperable. Hence if Boscovîch's 
theory be correct, absolute contact, however paradoxical 
this may appear, is impossible. Facts, at ail events, prove, 
in many cases, a répulsive power, whatever be its précise 
kws ; and to thèse facts may be added, though somewhat 
differing from the former examples, the repulsion of elec- 
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trified pkb balls; aiso of tbe simHar pôles of two mag- 
nets. In the latter case, ail the force of a strong man bas 
proved io^ufficient to msike the two north pôles touch each 
other. 

Mohis a99imilaiioni8 is the tendency of certain bodies 
" to convert other bodies related to them," says Baccm, " ia- 
to their owu siibstâace and nature." He instances jlame^ 
which multiplies itself by decomposing certain subst^mces ; 
also animais, which seem to bave a power of assimiiating 
their food into the nature of their own bodies. However 
vague tbe notion of assimilation may be^ Bacon's distinc- 
tion hère is suffîciendy obvious. 

To the above is subjoined Motus exdtatioms, or a ten- 
dency to excite and diffiise a quality. Thus heai dîôuses 
itself when other bodies are heated ; and the magnet 
gives to iron a new property, without losing its own power. 
The distinction of this from the {onneT\notion, or property, 
lie3 in the circumstance of there being hère no transforma^ 
tion of substances, but o^ly a diâiision or multiplication of 
some virtue, or quality. 

Motus impressioniSf or the motion of impression^ occurs 
where there seems to be a continuai communication of im- 
pulses from the body which is the original source of it : the 
rays of light are an example, because darkness is the 
e&ct of the removal of a body from which they flow ; also 
90unds, which cease if the vibrations of the sonorous body 
îffe suddenly stopped. 

Motus pertransitùmis, or motion of passage^ bas re- 
^ect to the efiect which the médium dirough which agen- 
cies are carried on, may hâve on promoting or hindering 
their power : thus he€U is di^rendy conducted by différent 
bodies, or passes through them with varions degrees of 
velocity ; metals couduct it rapidly ; earthy substances less 
so ; and wood still more slowly. A ray of light, in passing 
from a rarer into a denser médium, as from air into water, 
becomes refracted^ or is tumed out of its course, and is 
bent towards the perpendicular. In an exbausted receiver, 
a bell can scarcely be heard to sound through the atténua- 
tion of tbe médium : and the experimenis of Hauksbee 
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and of Dr. Priestley show tbat, when tbe air is condensed» 
the Sound is louder in proportion to the condensation; that 
is, in proportion to the quantity of air crowded in, and 
which opérâtes as the médium of the sound, or the sub- 
stance on which the vibration is fîrst made, to be commu- 
nicated through the atmosphère to our ear. 

Motus rotationis spontaneus^ the motion of spontané- 
ous rotation, as seen in nature, is also mentioned ; to which» 
says Bacon, belong the following considérations : the centre ; 
the pôles, or axis ; the circumference ; the velocity ; the 
order, as from east to west, or west to east ; the eccentrici* 
ty^ if any, or déviation from circular motion ; the declina- 
tion, or the approach to, or recession from, the pôles ; and 
the variation of the pôles themselves, if movable, or, in 
modem language, Zi&ra^ton. 

The other species of motus introduced by Bacon, under. 
the InstantÛE Ijucta, are somewhat more obscure and 
ill-defined.^*Mo^i» netnis^ or tbe motion of connection, 
seems to apply to those cases in which a vacuum is pro- 
duced, and a fluid rises in conséquence of the outward pres- 
sure being taken ofF, as in the common pumps and the 
barometer. — Motus minoris congregationis, or the motion 
of lesser aggregation, is illustrated by the cream of milk 
floatinç on the surface, which Bacon attributes more to the 
attraction which homogeneous particles bave fore ach other, 
than to the spécifie gravity of the cream being less than 
that of the nn&i.—^Motus tnagneticus, or magnetical motion, 
is applied to the attraction of the heavenly bodies, from an 
idea, probably, that it might be a species of magnetism. — 
Motus conjigurationis, aut situs, motion of configuration^ 
or situation, may apply to the shooting of crystals into 
their own peculiar forms ; or to the fixed tendencies of bod- 
ies to préserve the disposition of their mtemal parts, as their 
threaas and fibres, and their cellular or solid structures. 
Bacon ângularly refers hither the inquiry mto the direc- 
tion of the celestial motions; also the polarity of the mag- 
netic needle. — Motus politicus, or the motion of govemment, 
is excessively fancifid and obscure: it is said to be the 
ruling power, or property, m any body, controlling ail ihe 
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rest, and it ^^prindpally reigna in ihe spiriU of animahJ^^ 
We should scarcely suspect Bacon of materiahsm ; yet hc 
seems to hâve been extremely disposed to introduce me- 
chanical causes in order to account for eifects which tbey 
are entirely insufficient to explain. — Motus tr^idatianis, 
or the motion of trépidation^ he illustrâtes by tfae heai;^ 
and puises of animated beings. — ^This long dissertation on 
motùrnSy whatever crudities and fancies it may contaih, is 
very curious and interesting, and we bave thought it worth 
while to aoalyze it briefly, as showing on what properties 
in nature our discriminating author founded bis distinction 
of Instantùe Ijucta. — ^Tbis class of facts migbt be further 
illustrated, were it necessary, by tfae instruments used in 
Engiand by Cavendisb, and in France by Coulomb, for 
experiraents on torsion ; a term employed by the latto* 
philosopher to dénote the effort made by a thread which 
bas been twisted to untwist itself. Thèse instruments, by 
means of tlie force of torsion, roeasure very small, and al- 
most insensible actions. 

Tbe three remaining practical instances are termed In- 
stantiœ ProjnticBj or instances propitùms to practice, in 
tlie way of immediately directing, simplifybg and facilitat- 
ingit. 

(2.) Instantia PropitÙB, Instances facUitating Practice. 

. 25. Of thèse, the ^r5^ are the Instantùz Innv^ntes, inti- 
matingf or directing^ instances ; that is, those which tend 
to freft pracûce fi'om useless pursuits, and direct it chiefly 
to such as are bénéficiai and advantageous to mankind ; such 
facts in nature and in expérimental science as are worthy 
of being attended to and pursued, because they open di- . 
rect prospects of usefidness and improvement, as it re- 
spects the arts and conveniences of liie. 

26. The second of this order. Bacon terms Listantùe 
Polychrestay or things that are generaUy usefody as ap- 
plicable to a great variety of investigations, by shortening 
and facilitadng the process. To this head belong the 
method of cûnduçting experiments, and the instruments 
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and apparatus to be eropbyed in them, which be pioposed 
to treat particularly in a subséquent part of bis work. He 
bere notices a few gênerai considérations which are essen- 
tial to practice in a great variety of cases. 

In experiments, such tbings are carefuUy to be exchid- 
ed as nugbt disturb, or modtfy, the given process ; as the 
common cdr^ wbere tbis can be supposed to hâve that 
eâfect ; for tbe same end, the matter, strength and thick- 
ness of the vesseU in which certain processes are oarried 
on is to be attended to ; also the manner of dosing them, 
wbere they are to he closed, as by luting, or hermetically 
sealbg, for instance ; the rays of the «un, too,. must often be 
excluded. The eSects of compression^ condensation^ agi- 
tation^ extension, raréfaction^ etc., are to be observed in 
many cbeniical and other processes. And beise Bacon's 
conjecture must not be omitted, that it was possible *^ air 
might be converted into water by condensation." M. Bioty 
if we mistake not, first proved tbis conception of our great 
philosopher to be true, and succeeded in fonning water from 
hydrogen and oxygen, by compression only, independently 
of the electric spark. To thèse considérations are to be 
added that of the agency of heat and cold ; and the modi- 
fication thèse may introduce into certain experiments ; also 
the eÔect produced by tbe mediu/m through which the 
heat may be communicated to any substances, by the struc- 
ture offumaces, and by tbe manner in which the fire may 
be. apptied. Again, regard is to be had to the efi^t 
which may be produced by a process béing left to go on un- 
dîsturbed, and by itself, for a longer or shorter time, The 
figure, position, and situation of the vessek tbat are em- 
ployed, are to be considered. The sympathies and an- 
tipathies of bodies, as Bacon ternis them, are to be noticed 
where thèse may bave an influence ; of thèse, chemical 
affinities and élective attractions, are obvious instances. 
Lastiy, advantage is to be taken of what is known with re- 
spect to ail the above particulars, in order, by their means, 
to modify, combine, and vary experknents. 

27. The third of the instances " propitious*^ to practice, 
and the last of the ^^ prérogative^^ instances, are named 

5 
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tutantia Magica^ înagical instances ;■ and Bacon undei^ 
stands by this term those facts in which great and wonder- 
fiil efiècts are produced by apparently trifling causes. Na- 
ture, he observes, '^ is herself sparîpg in thèse instances ;" 
but in harmony with the very sanguine, and we fear illuso- 
ry expectations which we bave seen he entertained, he 
adds, ^' what sbe inay do, when iurther searched and en- 
tered into,and after the discovery offormsy latent processeSf 
and conceaîed structures ^ will appear to posterity." He 
notices as tnagicaly or marvellous, instances, the power of 
Jire to multiiHy itself ; the e&ct of poisons on the human 
Irame; the communication and apparent multiplication 
ùf motion in a set of wheels, each impelling the other; the 
loadstone animating a number of needles without loss of its 
own magnetic power ; the ori^nation of motion in explo- 
sions of gunpowder, and also of gas in mmes. 

Tinctured somewfaat, perhaps, with the wild nodons of 
alchemy then prevaiUng, JBacon seems to augur ftom such 
facts as the above, that wonderfiil things may be accom- 
plished by human power, in ^' changine bodies in theh: 
smallest parts, and in ail kinds of transiormations." He 
adds, however, ^^ of thèse we havé hitherto no certsdn in«- 
dications. And as in things solid, true, and usefiil, we 
aspire to the highest perfection, so we perpetually despise, 
and to the utmost of our power discard and reject, sucn as 
are vam and empty."-JHere ends the doctrine of "Ai- 
stances,^^ and ail that was finished of the JSTovum Organan 
by its illustrions author. 



It was Lord Bacon's design, after treatin^ of the in-^ 
stances f of which we hâve now given the analysis, to proceed 
to the hdps of induction ; the rectijicaîion of induction ; the 
method of varying inquiries ; the prérogative natures for in- 

auiry ; the limits of inquiry, in a list of ail the natures m 
le universe ; the réduction of inquiries toi>rac^îce, or tothe 
use of mankind; the preliminaries to inquiry; and the 
scale àfaxioms, or principles. 

Thèse eight last topics were deferred, probably, till the 
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author had found dme to accumulate more materiola, and 
tbey wei!e never discuseed ; so tbat his work was4eft in an 
unfini3hed state. Several of the particulars, bowever^ hère 
emiinerated arenot very dîslîoct from some of Ûie beads al- 
caady treated of, and seem to lead us back oyer the same 
ground ; whence we may conclude that Bacon was fii% 
aware that, in tbe existing state of the knowledge of nature 
and fact, in his time, his system ot phifesophieing could only 
be regarded as a sort of outline, or sketch of scientifb inquiry, 
and neaded to be worked over and 0¥er ag;ain, by way of 
oontinual appxoximation to truth. 

What more he had to deliver on thèse partîculars we 
shall not now conjecture ; but it may be remarked, that by 
prérogative natures for inquiry, he seems to bave intended 
those causes in nature, or those agenciies> which {Mr«sait 
themselves as of tbe inost obvious and prime impcàrtanoe, 
în conséquence of thek involving, frequently^ other inqui- 
ries ; thus température is so important a considération in 
irarious experiments, especiailly in cbemistry, that heoÉ may 
be considered as an example belonging to the dass of what 
are bere technically termed prérogative natures. The 
project of making ^njnventory (synopsis) of aU the natures 
m tbe universe, appears to bave arisen out of our aulhor's 
very sanguine ideas, as before noticed, relative to ÛJte dis" 
eovery offorms. If by natures he bere meBss jsiny^ suh^ 
stancefi, or those which ai^e incapable of being decompoii^ed 
by art, it is obvious that such substances may decrease ia 
number witfa tbe progress of science. Previously to Sir 
Humphrey Davy's distinguished researches in cbemistry, 
the simple bodies were supposed to be about fifty in num- 
ber ; the facts he bas brought to light, bowever, make it 
diffîcult to say what substances, regarded as simple, may 
not be capable of analysis : viritness this philosopber's dis- 
covery of tbe metallic bases of tbe fixed alkalies ; his de- 
composition of most of the earths ; and his expeiimrats on 
sulpbur and phosphorus : ail thèse substances were prevbus- 
ly thought to be strictly simple. 

Thougb no direct attempt, so far as we are aware, bas 
been made to supply the parts of the JVotmm Organan 
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that are wanting ; nor any complète logical syistetn, found- 
ed on the same basis of mduction, bas been published which 
miçht serve as a perfect directory in philosophical bvesti- 
gations ; yet there bave not been wanting some effi)rts of a 
similar kind, towards promotmg tbe aavancenient of tbe 
sciences. 

Descartes wrote a treatise expressly De Meihodoy or the 
Method of Science, with the view of remed3àng the 
defects of the ancient plan of philosophizing, of which 
he seems to bave been convincèd. But though he flour- 
ished nearly half a century later than Bacon, and was ac* 
quainted with hîs writings, he pursued a course quite the 
contrary to that pomted out in the JVovum Orgatum; 
which is the more smgular, because, in one of his letters, ^ 
he seems to acknowledge that if the expérimental method 
of philosophizing were the true one, nothing could be supe- 
rior to Bacon's mies. Descartes was anxîous for à reform 
in the sciences ; and, skilled as he was in mathematics, he 
was able by his genius to extend the limits of geometry 
as far beyond the place where he found them as Newton 
did after him ; for he it was, principally, who developed 
the application of algebra to geometry, on which ail mod- 
em mathematics rest; yet he was so misled by the humor 
of framing hypothèse^, that his philosophical System is lit- 
tle more Sian an ingenious romance, and bas long ceased 
even to be read as a matter of curiosity. In physical 
science, he seems never to bave proposed to himseli any 
thing like Bacûn's plan of a strict inducHon ; for though 
he did not reject experiment altogether from his philoso- 
phy, he employed it in the most loose and inefficient manner 
pos^ble. He tells us that he was always able to discover 
(ffects by reasoning : " we employ experiment," he says, 
<' not as a reason by which any thing is proved, for we 
wish to deduce efiects fix)m their causes, and not inversely, 
causes from their affects. We appeal to expérience only, 
that out of innumerable efiëcts which may be produced 
from thé same cause, we may direct our attention to 
one rather than another." How diflferent this from the tone 
of the very first sentence of the Novum Organon — ^Man, 
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THS 8CB.TANT Aia> INTCBPBETER OF NATUBE, UMPJBB- 
STANDS AND REDUCES TO PBACTIGE JU8T SO MVCH AS HE 
HAS ACTUALLT EXPERIENCEI) OV NATURELS LAW9 ; HOBE 
HE CAN NEITHER KNOW NOR ACHIETE. 

It is évident that such a mode of pbilosopbizing as (fais 
was precisely the reverse of Baoon's. Instead of proceed- 
ing upwards bom e£fects to causes, or, as Bacon vi^puld term 
it, rainw axionu from particular instances. Descartes pro- 
ceeded cbrectly in the contraiy order, bota causes to effects, 
or firom genends to particulars ; and this without having pre- 
viously established his geneial conclusions in a scientific 
manner, or received sufficient évidence that ihey could be 
properly applied to the given particular cases. In this way 
be proposed to explain ail the phenomena of the umverse 
àpriarij that is, by deducing them from his gênerai principles 
by abstract reasoning ; and instead of the patient caution 
which generally distinguished Bacon's vast analogical pow- 
ers, Descartes, while he sets out with a scepticism so uni- 
versai as even to make him not admit his own existence till 
he bas attempted to prove it, at the same time exbibits, in 
his théories, die most unphilosophical credulit^ and rashness. 
Hence, though he certainly has the ment of great original 
genius in pure mathematics, his physical spéculations produced 
die hypothesis of a plénum and vcrtices; or that the plane- 
tary bodies are whirled round by a subtile matter of which 
the umverse is full ; an hypothesis which, it scarcely needs 
be remarked, was equally applicable to aU the Systems of 
astronomy, whether mat of Ftolemy, Tycho, or Copemicus ; 
and rested upon the assumption of motions not proved to 
exist ; or, even if they did exist, just as much needing m- 
quiry and explanation as those they are called on to solve. 

m. T#cUniAat»en, a member of the Royal Academy of 
Sciences, at Paris, published, in 1687, an essay, entitled 
Medtcina Mentis, sive Tentamen genuinœ Logica^ '^ As- 
snstance to the Understanding, or an Attempt towards a 
genuine Lo^c ; in which is discussed the Art of finding 
gênerai Principles, and the Method of discovering unknown 
Truths.'^ This work, which discovers much mgenuity, is 
not, however, adapted to practice ; and may be regarded as 
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QkMtfatiiie Laid Baooo's oautkn in tfae first bock of die 
Abvtun Or^ûnoUf wîdi respect tx> the înâoence wfaîch par- 
tkxàÈt Midàes^ may hare in biasiog die mind in its inqoiries 
after trudi. M. Tsdiknfaausen, leflecdng on die Htde ooo^ 
ttovetuy diere h among madiemadcians, compared widi die 
disputes among stodents in otber branches «f science^ con* 
sidered that a method strictlf mathematîcal migfat be m* 
fdied widi effixît to diese odier branches. Hence he thonght 
ÛM unkaiown tnrtfas nngfat be discoveredprecîsefy in tfae 
same manner, m every science, as in pore malbemadcs. 
He even âmeies diat the dijSèrence between the ^^ percep--^ 
dons of the imaginadoti/' as he terms the notions we fann 
of diings bv sensation merely, and the ^'conceptions of die 
undersianding/' sucb as tfaat a whole is gpater tban a part, 
may come under madiematical calculabon ! In short^ by 
n&turad pfailûsophy, Tschiiohausen seems to undeistand 
something: not v^ diflbreat from Deecartes' notion of it 
abore meodoned, namely, a knowledge of dier uniyerse de- 
monstirated à priori in madiematîcal order, and canfirmed 
à posteriori by experiments. 

At an earlier petiod, the JETon* Robert Boyle ably scc- 
onded and practicaUy impioved die plan of expérimental 
phSosophy. Tbis âisdnguished man, who was bom the 
year Bacon dîed, was amoii^ the first oridnators of the 
Royal Society, which was fermed, in 1645; Knrthe purpose 
of imptxmng expérimental knowledge on the plan laid 
down by Bacon. Boyle's vidnable experiments in varions 
branches of science show tbat he had deeply imbibed the 
spirit of his great master's System ; and, independently of 
bis discoVeries and ;improvements, they constitute a most 
important addition to what Bacon had so loudly called on 
philoscq>her8 to labor at obtaining; namely, a more ex-. 
tensire and accurate history of nature. Many of Boyle's 
essays contain remarks on the method of pursuing the in- 
quines of science, hîghly calculated to facilitate and pro- 
mote the grand object which Bacon pomted out, and to 
fiuniliarize to philosophets the practice of an enlightened 
induction. 

Dr. Hockey contemporary of Boyle, a man of great me- 
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chanical science^ wbo laid claim lo «et^dral UMftdmventioiis 
and dîscoveries, aad wfaose famé is Riuch less than bis de»* 
seits, partly because he was eclipaed by Newtoo, aad pai^ 
because he wearied men vnlth ifais bordkiate pretenâons, 
seems to bave formfifHy designed an attenipt of a âmilar 
kind with Bacon's. He entitles bis work " Tbe tnie 
Method of bu3dffîg a solid Philosqph^ ; or a PhUosophical 
Aîgebra.*^ *^ TUb,** he says^, <^ consists of tvvo parts : first, 
the mann^ of prepaiing 4he mind, and fiimisrang it vnÛÈ 
fit materiab to woik on ; 'secôndl^, the ruiks and metbods 
of {»oceeding)Or operating with this so coHected and qualî* 
fied supdkx,^ Alt tbat IiTi HooËe bas left us (rf this post* 
burnous pièce, is ficde move dian Tiiiat Bacon has sketched 
m the &st ^book <xf the JVovum Orgmum. The second 
part seetoB never to h^m been 'writtea, so tbat what the 
^' Philosophioal Algebra ^ was predaety to bave been, must 
be left to conjecture. 

We may safely assert, that wfasiever .more may hereafier 
be donc in the way of rules for seiaitific inquiries, can only 
proceed on the plan of Bacon, as the ^andwonk : &r tira 
method of inducticxi is founded on ibe principles of human 
nature itself ; and only needed to be £ûrly presented to the 
minds of men, generally, in order to oommand iheir s^ro» 
bation and support. Not, indeed, ilhait ihe induelive metiod, 
as we may hère take the oppanmiiif of obserrâg, is prop- 
erly to be oonâdered as iyppMed to the syllogistic, in which 
Ëght it has been the fashoon to represent ît. Induction is 
not a distmct kind of argument from the syllogism adopted 
by Aristotle ; that is, if by induction we understand, as we 
ought to do, and as Bacon luiderstands it, not meidy the 
process of investigation, and of coUecting facts, but also the 
déduction of ir^ences from thèse facts. This deducdon 
is, of course, an àrgumentative process, capable, if necessary, 
which is, perhaps, scarcely ever stricdy the case, t£ being 
put into a sySogistic form ; for a syUogism is nothing more 
than any argument whatever, stated. in <^d€T, technically, 
and at fuU lengtfa ; ît is an expansion oS aie assertions tbat 
are implied and contained in the popoâtions with wfaidi 
we commenoed ; and it points out the complète fbroe of 
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what bas alread^ been virtaallir admitted. The fault of the 
Schoolmeo lay in reasoning nom falsepremises, that is, in 
drawingcoQclusioDS from insufiicient data; and in enmloy- 
ing the syllogism for the purpose of making discovenes in 
natiuâl sci^ce, «âthout institating sound philosophical io- 
quiries. 

If the réal merit of a System is to be estimated by its ao 
tuai e£^ts, Bacco's Orgcmon^ aod some of his other philo- 
sophical writingSy must.be rçckoned amoqg; the ûiirest fruits 
which the genius of man bas bequeatbed to his fellows. 
Let the -wbole spirit and. manner of the writings of sucb 
men as Boyh, Hookej and Locke, who were Bacon's almost 
iminediate successors, be compared with the method of 
those who preceded him, and it wiU be impossible not to 
perceive the commanding influence of Bacon's labors, and 
the very cUstmct character they impressed on the next âge. 
Evèn Newton's mcomparable genius might néver bave 
awoke to ail its strength, unless Bacon had previously cleared 
the théâtre wherè it was to act, and made a way for the 
free exerciseof its énergies, by removing the chief obstrue-- 
tionsf to its mighty career. The indications and the germ 
of sevëral of Newton's discoyeries are certainly to be de- 
tected in Bacon's works ; and had Newton been bom a 
century earlier, instead of beginning where BacQn left o^ 
anà standing on the vantage-ground reared by his labors, 
thé world might bave lost many of the most important ad^ 
vantages be bas been able to conier on it, by means of the 
expérimental method. Bacon scattered a\vay the dai'kness 
of error from that horizon in which Newton was afterwards 
to appear, or Newton might never bave had power to soar 
as be did înto the third heavens of truth, and to pour such 
a flood of light over the whole fîeld of natural science, as 
to excite the admiration and astonishment of his own and 
ail succeeding âges. 

Tfaough the triumph of truth over error seems always 
destined to be a graduai process, it is a well-known fact 
that Lord Bacon's philosophical Writingjs did not fail to 
make a very early impression on the leamed world. both 
at home and abroad. The University of Oxford presented 
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an aaaress to him in 1623, in which he is représentée! '^ as 
a mighty Hercidesyyiho had by his own hand greatly ad- 
vanced those pillars in the learned world, which by the rest 
of the world were supposed imraovable." This tribute to 
Bacon's ment as a philosopher has the greater weight, be*^ 
eause it was o^red, as Macvey JSTapier remarks, '^ when 
aH motives to interested adulation had been done away by 
his lamentable fall." 

The Baconian philosophy seeips, afterwards, to bave 
made greater progress at Cambridge than at Oxford, not- 
withstandîng the above testimony, from the latter Unîversity, 
to the genius of its author. '^ GlanvU lamented," says 
Anthony Wood^ ^'that his ffiends did not send him to ^ 
Cambridge ; because he used to say, that the new philoso* 
I^y, and the art of philosophizîng, were more cultivated 
tbere than hère at Oxford." This was about the year 
1652 ;— Lord Bacon died in 1626. That the spirit of free 
inquiry in which the Royal Society originated, was chiefly 
owing to the efiect of Bacon's writings cannot be disputed. 
For information on this subject, it is suffîcient to consult 
Bishop Sprafs HistOTy of the Royal Society, and Dr, 
John WaUis^s account of his ov^. life. A host of other au- , 
thorities might be accumulated, were it necessary, in proof 
of the dii*ect and early influence of Bacon's writings in 
forming the new English sohool; of thèse testimonies a 
great variety are coUected in JVaper'^ masterly tract, en- 
tided, ^ Remarks illustratîve of the Scope and Influence of 
the Philosophical Writings of Lord Bacon." 

On the continent of Europe, his philosophical réputation 
was early acknowledged. th. Ratolev says thàt '^ his &me 
was greater, and sounded louder in toreign parts than at 
home," and that '^ divers of his works had been translated, 
more than once, intô other tongues, both learned and mod- 
em, by foreign pens." In 1652, Letms Mzevir was about 
to publish Lord Bacon's works in HoUand, as writings ^' long 
received with the most attested applausé of t}ie learned 
world." GassendL a strenuous opponent of the philosophy 
of Âristotle, and of that of Descartes, was one of Bacon s 
earliest disciples in France, bebg bom in 1592. Bacon's 
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eanespoûà&ace with JBaranzmi proves how earty bis writ* 
ÎBgs kad atdracted notice in mïj^ We migbt add the 
tesdmonjr of Càmme^fUj 'm (Senuany, so eariy as 1643, 
logether witfa those of a iminberof other phifesopfaeis, 
quoted at leogA bjr Itb. Napier, ail showing diat the lerwal 
of seience,. not only in Enghiidy but oo the contineat, b 
mainly to be traced tothe efiect of Baeon's wiitings^ and tbk 
at no distant period from their publication. 

Tfaat tbe labors of . our ilkistrious plûlosopher should 
bave exâted jealousy and akim in some quarters, and es- 
peeialfy among tbose wbo were still devoted to Aristbde, 
is what we were quite prepared to expeet* Error and par« 
ty imerest A\m thé light, and are ever rèady to brana aU 
attempts at înqmMrement with die nanoe of dai^rous inno- 
vation. Perhaps no great endeavor for the weliare of 
maakind ever escaped tfais doom^ or fiiiled to louse ihe 
tocsin of alarm. A bue and cry was accordin^y soon 
raîsed i^ainst tbe New Philosophy, and a keen pursuk kept 
ùp, with the laudable view, if pcfiable, of putting it dowa. 
Tbe JYovum OrgttMu îs now cbnsidered barmlese eJKHigh 
surely; and in moden tunes, it bas been permitted to 
ribmber betwecn its covers petQr mndi unmolested by the 
majority of maakind, wbo liitle know how greatly they are 
bdebted to it for the efiect it bas had towarda producing 
many d[ tbe arts and oonveniences of life ; but tioie was, 
wben it was neoessary to allay men's fears and jealounds 
of its doctrines baving a sort of nu^ power to proddce 
^'dangerous revukitioDS," '^subv^^ govemments, and 
overtum the vdÙKmty of religion. * Sucb» at an early period, 
were the alanns of not a few,^ and atnoag tbe rest, q{ Dr, 
Henry Stubbej wfao denounced tbe whc^ tribe of Experi- 
œeatîuists, wiÂ tbe.singolariy happy and courteous epithet 
of a '^ Bacon^aced génération ;" and, after inConning us, in 
greai «mplicity, that be bas " small regard for deep and 
subtie inquiries imo' saturai pbik)Bopby,^ says that ^'we 
must rise as high in our resentments," against tbe sud 
génération, ** as tbe ooncerns of tbe présent âge and of 
posteriiy can anlmate us.^' 

So malignant an aspect, in short, did some imagiiie 
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Bacon's writings to bave on what are infinitely the most 
important interests of the human race, that he was shrewd- 
\y suspected of favorine atheism, who had eloquently pub- 
lished to the world, "f would rather believe ail the fables 
in the Legend, and the Talmud, and the Alcoran, than 
thîit this universal franoe ts without a mind.'' We should 
bave supposed that any kind of tendency to irréligion 
would bave been the very last thing that could be imputed 
to Bacon's works ;*-— but such is préjudice. It is, in fact, 
a happy cîrcumstance for mankind, that geniuses the most 
transcendent and original that ever lighted upon our world, 
who bave thirsted the most ardendy for kîsowledge, and 
bave vindicated most boldly the freedom of the human 
mind from every yoke but that of Iruth, bave been the fur- 
thest fromnmeriting such a charge, in the wntings they hâve 
left us. Such were Newton, and Bacon, and Milton, and 
Locke. ' 

Thougb we bave given the analym of Bacon's great 
work, not merely as deeming it a curiosity in the history 
of science, but as tending to recall our attention towards 
principles to which we owe so much, and the study of 
which we should be sorry ever to see neglected as super- 
•fluous; y et we are free to acknowledge that the whole 
process, according to the détail which our great philoso- 
pher recommends, was strictly necessary in practice, 
chiefly in the infancy of science ; or where the subject of 
inquiry is altogetber new, and one of which we bave little 
or no knowledge. The world, as to its improvement in 
science, may, in some degree, be compared to an individual. 
The proficient in the art of music bas no need to recollect 
at every step the names ûf the notes in the g'amu^, or the 
rules he bas been taugbt for fingering the keys ; nor would 
this be possible : Ti^en be bas once acquired dexterity in 
music as an art, theory is converted înto a true, thougb 
mechanical kind of practice : so, now that science has made 
certain advances, and bas establisbed a séries of truths, it • 
may often be quite unnecessary to go through the wbole 
process of induGtion from die beginning. After certain 
gênerai and léading principles bave been completely au- 
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tbenticated, thèse may serve greatlj to éliorten future in- 
quiries, and much time and hbof may of course be saved. 
Tbus, after the laws of the reâection, and the dîâfereàt re*- 
fràngibility of light, and the nature of the colors whidi ré- 
fraction produces, had been satisfactonly ascertained by 
experiment, Newton had the materials prèpared for ex- 
phuning the rainbow, nor was it necessary àgain to institute 
an inquiry respecting the above laws, as if they were un- 
known. Newton's Optics, it may hem be remarked, may 
justly be regarded as a most perfect speciiiien of the Ba- 
canian Induction. Dr. Black's Treatise on Mag^esia 
Alba and Quicktime, is also an exceUent model of die ùi- 
ductiv^ metfaod, affi>rding similar examples of safely pro- 
ceeding to fiirther conchisions by assummg things wtf 
known. 

It miist be allowed, also, that, in addition to the efiëct 
produced by the collection of facts, and composing a histc^ 
of nature, and by long practice in the expérimental metfaod, 
inductive investigation bas been more modified in some in- 

Îuiries, by the employment of matikematical reasoningj than 
^acon, who had^not pursued mathematical studiesj'was 
prepare^d to expect. Though he pointed out the use of 
mathematics, in measuring and comparing the objects of 
natural philosophy, be was not, nor could he be, aware to 
what extent geometry and analysis would be appUed, in 
generalizing inquiries, and in rendering experiment in some 
cases less necessary. The laws of motion, for instance, 
are founded, of course, on expérience ; but from thèse 
hws, once established, the rest of the science of mechanics 
is chiefly deduced by reasoning. So also in optics, when 
a ray oi light is refracted, or bent from a straight Une, as 
when it passes from air into water, the angle which the re- 
fracted ray makes with the surface dépends on that which 
the incident ray makes with it ; and we must ascertain by 
^expeiment what angle of refraction corresponds to any 
given angle of incidence ; but we must bave recourse to 
geometry if we would know the constant relation which 
yjbsists between thèse angles, and be able to express this 
relation in gênerai terms applicable to ail cases ; for, with 
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regard to this, expermieat does not directly ihform us. 
But the great triumph of mathematics, as applied to 
pbysics, and whicb Bacon never could hâve believed possi- 
ble, bas been tbe discovery of certain pbenomena in the 
planetary motions, nevér suspected until tbe sublime dis- 
coyery of modem analysis incfieated those appearances as 
cases of tbe seneral rule. 

Perbaps Bacon, moreover, in bis zeal against tbe vision- 
ary pbilosopby of the ancients, scarcély aUowed, in bis in- 
ductive theory, tbe use wbictf, in some dkses, even hypothe- 
ns may be of in assisting our inquiries. Newton employs 
almost in tbe manner of a motto tbe expression ^ hypothe-' 
ses nonfingOj Ido not devise hypothèses. He might hère 
alldde to sucb hypothèses as the vortices of Descartes ; 
for be himself, in some cases, used bypothesis. In a sub* 
ordinate sensé of the term, and, indeed, to a limited estent, 
it frequently appears necessary to do so. Newton's theory 
of gravitation took its rise firom a: comecture suggested by 
anciogy; and was afierwards verified by comparing the 
moon's révolution in ber orbit with tbe law of accelerated 
velocity, as exhibited in falling bodies near tbe earth^s surface. 
Copemicus, in the same manner, was led by ancdogy to 
tbe true System of tbe univ^ise, and tbe only évidence be 
could oflfer in its favor was its simplicky. This hypotbe* 
sis of Copemicus, in the bands of newton, became an es- 
tablished fact Indeed, in many cases of physical investiga- 
tion, there is notbing before die mind for it to act'on, but 
two or three différent hypothèses, which it is the business 
of a strict induction to judge of, and to adopt tbat which 
most accords with the facts. Hypothèses become danger- 
ous only when they are admitted as théories^ and when, 
instead of being empbyed as &temporary guide, stimulating 
tbe mind of me inquirer to observation and experiment, 
tfaey are set up as substitutes for facts, and become idols 
of the hnagination, before which reason is to bow. It was 
in tbb view that Bacon so loudly condemned them ; while 
it must be acknowledged that he scaicdy provided for a 
cautions and enligbtened use <^ them. ^' Âny bypothesis," 
as Dr. Hardey well observes, ^< which possesses a sufficient 
6 
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àeçree of plausibOIty fo account finr a Dumber of Tacts, fadps 
us to digest thèse facts, to brinci; new ones to iîght, and to 
roake expérimenta crueis for the benefit of future inquirers." 
Wliatever defects or redundancies, however, the triumph 
of tlie Baconian method for two centuries bas enabled us 
to perceive in the writings of its distinguished author,jTe 
cannot look on what he bas actuafly donc for science but 
with surprise aod admiration. No cne before him seenis 
thorouo;lily to hâve been posses-ed tvith the idea cf the 
f<^lly of siipposing *a being of such imperfect and ]imited 
facuhies as man capable of explaining naiure's laws and 
opérations by ineans of reasonings à priori. If there are 
beings to whom tliîs is given, it is certaiuly denied to inao ; 
and the grand tesson which Bacon tau^Lthe worJd tras, 
that ail false philosophy might be traced to a mistake as to 
the real powers of the human roind, and the proper dirc^c- 
tion in which, from jts nature and présent condition, it must 
always submit to act, in the acquisition of knowledge. It 
had in gênerai sought to attain to truth by eccentric move- 
ments and forced marches, while the only method suited to 
lis capacities was looked on with contempt or disregard — 
that of simply feeling its way out of darkness into light. 
That Bacon probably overratêd the effects of the inducdve 
method, we bave already remarked ; this, however, was a 
very difièrent tbing from the ancient errc^ of supposing the 
mind capable of inventing tnie théories without the labor 
of expérience. It is certain that Bacon believed it withia 
the limît of possibility to transmute other substances into 
gold ; and on this account he bas been identified with the 
disciples of Raymond LuOy and Jordano Bruno. No one, 
however, could be more sensible than himself of the gen* 
eral folly of the pursuits of the alchemists ; and his belief in 
transmutation arose out of his sanguine ideas of the re- 
sources of the inducûve method — ^resources as yet untried 
jind unknown ; for we may venture to say that, in his time, 
there was not a sufficient coUection of Ëicts and experiments 
to autborize the conclusion that even the esserices of difiër- 
ent substances might not hereafter be discovered, when the 
new philosophy, then only in its infancy, should be ma* 
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tnred. Time, indeed» bas not fiilfiUed thèse anticipatîoiiSy 
but Bacoo's spéculation with regard to transmutatiOD was 
entertadued after bim by Boyle and others ; and tbere îs 
eiîdence that if was not decidedly opposed even by New» 
ton himself. 

The study of Bacon's (dbSosofJlâeal works in geaerali 
and espeeiaUy of the JVovttm Orgoimm, canoot £ul to be 
bighly beoefieial to ail pefsoos who ajce emeriiaig on scien- 
tific pursuits, and to ail who are ei^aged in bquifies after 
truth of wbalevw kind Tbw gênerai tendeacy wiU be, 
if we do not greatly err, to inspire a habit of close and pa- 
tient. thinkîng,*-*-4ai intellectual independeoce, which resists 
ail that is merely of the nature of hypothesis^ while it bows 
wkh implîeit déférence to the autbor%^ of fact and expéri- 
ence. The nature of the difl^rént kiîids of évidence ; the 
différent subjects to whîcb dœy are properly applicable ; 
the deçree of that sort of évidence that is called moral, 
yrlmb it is reasMiable to expect în aay gkven case ;: the 
proper limita both of doubt aod of belief ; the whole order 
of cu€umstances, of wha/tevei? kind, thait may hâve any bear- 
b^ on the impression which évidence may make, or may 
&u to make, on the mind ^ — thèse very interesting topics 
of inquiry, as well as every ôther subject relating to moral 
and mtellectual philosophy, are not less properly and strictly 
within the sphère of the operaÂon of the Baconian method, 
than the more tangible propres of matter itself, and ihe 
laws of the materîal universe in gênerai, The sfHiit of the 
inducttve philosophy ià in perfect unison with manV intel* 
lectual nature ; it oners a true oorroborative to bis iaculties 
in bis pursuit of iruth ; and the more completely this i^^t 
b imbibed, the more shaU we be guarded .fitxn the e3^ 
tremes of credulity on the one hand, and incredulity on the 
Other. 

Bacon's style bas been condemned as '^ stiff and ri^d ;'' 
and bis wit as '^ ofien unnatural and far-fetched." He cer- 
tainly employs, to a considérable degree, the quamt and 
bidily fi^rative diction which was the fiishion of bis time. 
Of this we bave remarkable spécimens in many of his di- 
visions in treating the doctrine pf ^^ Instances ;^* notwidi- 
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Standing this, however, his style is not so often chargeable 
with vagùeness or obscurity as might be supposed. When 
h is, this arises usually from his not defining his tenns, from 
his adopting the old scholastic words and phrases with a 
new meaning, and employing the same word in different 
sensés. His rich, prophétie imagination led him to the use 
of a loity and poetic diction, which, though it may not. al** 
together approve itself to a severe and philosophical crit- 
icism, often çlothes his conceptions with singular beauty, 
embodies them to the ima^nation in fûrms of commanding 
energy, and impresses them deeply on, the mind. Hk 
Latinity in the JVovum Organon is not to be despised 5 
though he necessarily uses words and adopts meanings 
which are not to be found in the atithors of classical antiqui* 
ty : the subject on which he writes was new to the leanaed 
world, and he was evidently more solicitous to make him?- 
self understood, than tô attain to the Augustan purity of 
the Roman idiom, or discourse in the rousic of its cadences, 
as we find them in Cicero's philosophical writings. 

In closing this Treatise we may safely affirm, that, by 
giving the Inductive Philosophy to the world, Liord Bocoû 
bas proved one of its most signal behefactors ; and bas 
. largely done his part towards promoting the final triumph 
of ail truth, whether natural, or moral and intellectual, over 
ail error ; and towards biinging on that glorious crisis, des- 
tined, we doubt not, one'day to arrive, when, according to 
the allegorical représentation of that great poet who was 
not only the admirer of Bacon, but in some respect his 
kindred genius — ^TRUTH, though " hewn, like the man- 
ded body of Osiris, into a thousand pièces, and scattered 
A the four winds, shali be gathered limb to limb, and 
moulded, with every joint and member, into an immortal 
feature of loveliness and perfection." 
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